NEW WLAN TDM PROTOCOL  CROSS- REFERENCE TO RELATED
APPLI CATI ONS [0001] This application is a continuation
of United States Patent Application No. (Attorney
Docket No. MP0621), filed on Decenber 19, 2005. This

[ [ [ h j rovi si onal
Aopl i cat i on No- oorSsevEBR"ToM BRASGgt.ary 1a. - 200s
and U.S. Provisional Application hb.hGO/g82,067 filed
May 1 I scl_osures of the above
ZBm i %:/at égﬁgkgﬁgﬁﬁﬁggmgm AFPLETAT EDNS.
FI EL.D OF THE | NVENTI ON [ 0002] The present invention

rel 1t o s ePBBlCcatiONWS ka | camtthuatioa gpaUnited! Stdtls - Patent
to reduci ng power consunption of w.reless network

Appligatiops Blad _i nprovi ng ratteatdy ubitka@t Nen. MESESHOMRY  on
OF THE | NVENTI ON [0003] | EEE $tandards 802. 11, .

1bThi ; 893; 1.p, NP
2805- 6. and 802. 2, a choor e rLrEiye, edeopfiLs. rovisiona

[ [ yrety fi S al different
AppdLAAe. %%Q’B‘S%%?%Ogﬁfﬂédnﬁw@a%%%“t;@et%ﬁéﬁfr@ﬂa}s- Provisional
L [ th ards, wreless
oA e RS 8 e B L Svmlheines of the above
infrastructure node or an ad-hoc node. [0004] In the :
ap‘?“ﬁf’f"&%ﬁ AIR INFREPRsERd herain Wy refaresceet wor k devi ces or
client stations comrunicate with each other through

an access point. In the ad-hoc node, the wireless
net wor k devi ces conmuni cate directly with each other

and do 1 Il | | IFIELDOF THEMNMENAIN!ITT 111
166166* I LLLLEEL LHE/ VLD VIR VLD M e/ il
[0002] The present invention relates to wireless networks, and more

particularly to reducing power consumption of wireless network devices and

improving network utilization.

BACKGROUND OF THE INVENTION

[0003] IEEE sfandards 802.11, 802.11a, 802.11b, 802.11g, 802.11h,
802.11n, 802:16, énd 802.20, which are hereby incorporated by reference in their
entirety, define several different standards for configuring wireless networks and
devices. According to thesé standards, wireless network devices may be
operated in either an infrastructure mode or an ad-hoc mode.

[0004] In the infrastructure mode, the wireless network devices or client
stations comm&nicate with each other through an access point. In the ad-hpc

mode, the wireless network devices communicate directly with each other and do
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*@00002* not enpl oy an access point. The termclient
station or nobile station nay not necessarily nean
that a wirel ess network device is actually nobile. For
exanple, a desktop conmputer that is not nobile my

| t networ k .device and operate as
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a qaskion cempsieribatisr Rotrmpbidp enat iIncbrparatd afwiRséssIREMEK device
node. Since the client stations are often battery
angoperate,as & nebileTsativar dient §albAl ze power
consunption to preserve battery life. Therefore, sone
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receive data during the | ower power node. [0006]

MAge: o1SReE fhe vdiert &é@ﬁ'@@s aneyofien battesmponededyitds important to
systemon chip. (SOC) circuit that includes a

MinEize AeVEIT CeRELBOPGBEE) presendbatieBC RS S THERSIOHE) 56fme client
(MAC) device, a host interface, and one-or nore
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networ k device via the host I nterface

theCécEtR/'é' hoHBVtHé‘&Ie‘Hﬁ\%dﬁthWér?#wﬁ?gbgpo‘vgc{eéﬁly § ns (Erlﬁ\égrthe low
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during the lower power mode.

[0006] Wireless network devices may be implemented by a syétem on
chip (SOC) circuit that-includes a baseband processor (BBP), a medium access
controller (MAC) device, a host interface, and one or more processors. A host
communlcates with the wireless network device via the host interface. The SOC
circuit may include a radio frequency (RF) transceiver or the RF transceiver may
be located externally. The host interface may include a peripheral component.
interface (PCI) although other types of interfaces may be used.

[0007] A power management device controls and. selects different

operating modes of the client stations. During operation, the power management



2 device instructs some of the nodules to transition
to a | ow power node to conserve power. Additional
informati on may be found in U S. Patent Application
Serial Nos.. 10/650,887, filed on August 28, 2003,

6 ' 200 and
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is, Illust Ln an infrastructure node as defi ned
SGIISS?II Eﬁ'gS@&[i@ngd fﬁ?‘l’lepnf Mugkst 28,r 8088s st@/66ar2E2, filed on
The first wireless network 10 i ncludes one or nore

Septersher 19¢ 2003nand 21 14080,464 foed wor Mascte 25 2005] WihscH AR hereby
14. The client station 12 and the AP 14 transmt and

inqogpeiated by refeesisces ingihairseritfetyThe AP 14 is a node in a
network 18. The network 18 nmay be a | ocal area network
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the AP 14, Therefore, the client station 12 inplenents
stalions e and QUE R INPRERCGRISEIPaimts (AP) dit Ehatiient statieand2 and the
the AP 14 do not "have data to exchange. Data commonly

AR drtatrapsiniitand receiszenetrelesk dignals 16.€dEh&rAPNEd is 3 node in a
anount of tinme before it is dropped. The incorporat eg
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[0009] The client station 12 does not continuously transmit défa to or
| receive data from the AP 14. Therefore, the client station 12 implements a power‘
savings mode when the élient station 12 and the AP 14 do not have data to
exchange. Data commonly remains intact in a network for a predetermined
amount of time__before it is dropped. The incorporated IEEE standards provide
the opportunfty for the client station 12 to inform the AP 14 when the client station
12 is entering a low power mode _(and will nbt be capable of receiving data for a

predetermined per_iod). After notifying the AP 14, the client station 12 transitions

to the low power mode. During the low power period, the AP 14 buffers data that



3 is.intended to. be transmtted to the client station
12. Follow ng the | ow power period, the client

station 12 powers up and receives beacon transm ssions
from the AP 14. If the beacon transm ssions indicate

is ihteiddd & AR tléni?ﬂﬁte@laf&‘tﬁéjﬁ\i%ﬁ;ﬁ%tagégg tell'%n%%\'/vmlﬁi%tlcg& power

the host processor of the c

i : ] | i ent ti 12 .
Pl o5} Rkt 2ERdrs U oS obFleS 5P amspmissions from
neRP el L' AR e ssicttnindicale thatyoe A2 ddonas data or the

transm ssion tine (TBTT). Before the AP 14 sends out a
cligpt /aHen 12 0 thei kst prosesser ofithiechenti statiomhi fredicates it has
ot her devices are currently transmtting data so that
datettadransmit,dbe cliest statien t1@ reseainbacties WOtherwibs, ki @idht station
station 12 transitions to the active node prior to a

12 eatarsithé oW HOWES inddd d agéineue frames to transmt to the
AP 14 in a buffer. Imediately follow ng a beacon

g; a[pum0ySi Ofhe e 14P a&ém%ﬁéq to q%@ﬂgr%mgésé?r? @Woa}, E%rl%?a? beacon

nore client stations in-a
: | e 4 apd e cliepnts stations 12 o
e iss BT ARRETEE. Betatil ABTHER SuF Lttt Hnamission
tiplexed (T otocol . The use of TDM pr ot ocol '
the?%hi H‘) zfg‘éef@g?%h‘%h@f OkRRT deyicet e owrrently feansmiting data so
of the client stations 12 attenpt to transmt data to

that pthesmievices ar¢l able o use yhe Retworkr , The tient statidre$2 transitions to
networks that are |ocated near the. first wrel ess. '

thersattiverrkod® priay tmatbeapen aiamsatissibaitd quele fidifes to transmit to the
above-descri bed TDM protocol. As such, collisions my '
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first wireless network 10. another
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Tirhe Division Multiplexed (TDM) protocol. The use of TDM protocol minimizes
collisions that may occur when one or more of the client stations 12 atfempt to
transmit data to the AP 14 simultaneously.- However, other wireless networks
" that are located near the first wireless..network 10 rﬁay not operate according to

the above-described TDM protocol. As such, collisions may occur between the

other wireless networks and the first wireless network 10.

[0011] In another implementation, each client station 12 may wait for a

random period prior to transmitting. This random period, or backoff period,

reduces the likelihood that multiple client stations  will attempt to transmit



4 sinmultaneously. As such, a wireless network that

i npl ements the random backoff period has inproved
col l'i sion avoi dance over a wireless network that

i mpl ements a pure TDM schene when nul ti pl e networks

suﬂ&ltérﬁed)ti‘slﬁ‘nAgvs‘?fclhag%l:@eéseg tgvrbrlé 6!?% @pi(ﬂhgoﬁ{&ggr{@gdom backoff

backof f but does hot guar an
hcations, collision avoidance is
perfodfis, ooy PRRAREI. 8%51ate ouSha Mithiass Ratork that implements
XChaﬂ:S@ mul ti casg data t p| cally do not include a
a PULs (i SERemRl wheanewitio ¢é’eﬁtWDé<S enisbtinean vavedappimg region.
transmtting station does not receive acknow edgenent

Haweyvararansasm biaskoff tat idoes tod igubrentdetoallisich S§esiHaREe y In certain
received. Further, as a result of the random backof

appéicatiates, coliisidn aBoitante r§@nf &dl. atdr e>§=.\trfflbl'e°Wfre‘lé&h H@tworks that
wirel ess network to conplete a set of frahe exchanges

extRangd Ghemsast db@%lcfﬁggérh&gm% de Ingé\%h‘\é aﬁ:geowledgement

second wirel ess networ oper a

f Thg, sggpnd Iess network. 24 includes nultiple
eéﬁﬂ?ﬁm stat| gfﬁagr 2@% oo If 3&?&"%93 f:; PNt ¢ @PRSY thoAndeceive
Vi ss signals 28. The client stations
ac%@g\ﬁ{ied% ”%afeffanz% ) %C%ngéé@ﬁ'%mﬁtffbﬁrdaiamﬁs snttectly received.
gt?‘rmunl cate directly with each other. The client
Fugther.i 8ssa 7gsult ofethe randbr ebackod periotls,ntee tigms irbyuired for all
connected to anot her network. The client stations

statipns, irpadhe, wiraleds26efivatk teotcopilbiecn 40 det Yoft fr@ﬂ'?énéxch.anges is
data to and receive data fromeach other. The client

incséagedins 26 i npl enent a power savi ngs node when one of
the client stations 26-1 does not have data to

o O R R R, €120l 54 35804 motyon 2
op La.qe%% a@)f%&n%npé%§§% ?lﬁlf gﬁco a\@/qrélﬁsg%refi\gl)cr)rrlr(e 34 iinncllgc?:s multiple
client stations 26-1, 26-2, and 26-3 that transmit and receive wireless signals 28.
The client stations 26-1, 26- 2, and 26-3 collectively form a LAN -and
communlcate dlrectly with each other. The client stations 26-1, 26-2, and 26-3
are not necessarily connected to another network. The client stations 26-1, 26-2,
and 26-3 do not continuously transmit data to and receive data from each. othé'r. |
The client stations 26 imblement a power savings mode when one of the client
stations 26-1 does not have data to exchange with the other client stations 26-2
and 26-3. |

[0013] The client stations 26-1, 26-2, and 26-3 are not required to

buffer data as performed in the AP. For 'example, the Client station 26-_1



5 transmts the beacon to the other client stations
26-2 and 26-3. The client stations 26-2 and 26-3
transition to the active node prior to the beacon
transm ssion. During a beacon interval def |22ef| by the
n hS S0 GLle t smis
e BT o s (R sliet BarBhE o8 ,anehlélé‘-%- The client
I ' 6,may. transnt data sequentially.
St&%bb%ﬁ%@%ﬁé%?ﬁ-ﬁwgﬁ#w[ 6‘6&19 egtive fmose Rspede d1e beacon
nt. i.nvention, there is provided a first _
trawgs@%)sré‘gien HiBE K2 fesaces ime’a/a@videé?inéésbméhaobdxaadmtransmission,
includes a plurality of wireless network devices, the
cageiigat slatipni2f rignsmitsRiatar ians deteretinistietortieANE6T example, the
and receives data packets and that periodically
clientestationss2® mayetrahyest datheagosntigigd a control nodul e
that comunicates with the RF transceiver, that
determ nes a transm ssion position mand a default
| FS ti me based on the beacon, that selects a second

IFS time when th n A | ' a data

packet from a sgyy}MAvwgﬁiggﬁw&\gé\@hﬁg‘Fw ::e thﬁ.Vl ng

at I ssjion_pgsitio 1, and that selects the '

def i@‘ﬁs‘{ﬂ FIN3 ﬂgﬁm@ﬁcF ﬁg{wpfﬁssﬁg kweplen dihese iroprovided a first

.receive a data packet fromthe second wreless
WiNgeqSRoRRWgEl dewice[i0ga Bjrelasssietivoriothatindladesimesiurdiibe of wireless

second IFS tinme is less than or equal to the default

netvrskt deices] hiheRBe vicansaraphisin { BANRA frangclMratid dkiismits and
after one of the default IFS tinme or the second |IFS

reddives dé‘taﬂﬁ@(@tﬂﬁé%%rid&?@éﬂgﬁ(raﬁgrﬁl@ bt Péi{é?vdééqg beacan; and a

wi rel ess network device betwe an aCtl\éel node an

i Cld mge Ih% ] t, npdul.e : , .
Co??glnquot\éi%(IJens The W 1 efﬁgé\f;egn\gﬁﬁgﬁg"%gvr%%s:h ¥er thatdetermines a

' 1. _ : ower

trafeAfs A5 gpsﬁlgn%%%%eé’ AP PR RN AR o e beacon, that selects

managene
a second IFS time when the RF transceiver receives a data packet from a
second. wireless network device: having a transmission position m-1, and that -
selects the default IFS time when the RF transceiver does not receive a data
packet from.t'he second wireless network device.

[0015] In still other features, the second IFS time is less than or equal
to the default IFS time. The RF transceiver transmits a data packet after one of
the default IFS time or the second IFS time. A power management ‘module
transitions the wireless network device between an active mode and an inactive

mode. The power management module transitions the wireless network device

to the active mode prior to a scheduled beacon time. The power management



nodul e transitions the wrel ess netyvork devi ce to t he
i nacti ve node after the RF transcei ver transmts the
data packet. [0016] In still other features, a
wirel ess network conprising the wirel ess nevagr k
¢ i i i e , eyi ces.
mathyé ¢rarfsitfdnzetheCor@esS fretork Mbvigh ?(??%@n?%’é%&e npde aiter the RF

The power nmanagenent nodul e transi

W ' tive node after all of the
traﬂlgsmé’?grggggwgtg\}\g?E%g%‘c/):aggét'transm't a data packet. A

h At vice periodically transmts the beacon
f gotr[ﬁb Fotr a%ﬁlc tf’@é?‘?atﬁ*ﬁ‘e&ﬁ‘Hﬁglﬁﬁis,éieé\ﬁorkp@@hprlalngrthe wireless

| d the second IFS tine is equal to a default IFS tine
ne@?owﬂgvéecf%ﬁ@»ew GanREgeh N-lowirettosi oetwdrR0d&ices. The power

other features, a first wireless network device in a

magagerest maduledransiticns thechirdiess actwbik @vidd tdfhe inagtive mode
wi rel ess network devices conprises transnmitting an

afteealiof itme Nradrekeskafetivoal S8l ides e s éﬁé‘ﬁé&‘ﬁega%acoordinator

packets and for periodically transmttin

i jafi for . L
O ey SRR, AR LA & P Irmrkeiver T transmission
transm ssion position m and

R . |

pogﬁgfg? PQJP? 5r|1€2h§ i rreéH:Sg]gé%i oMENE %_%%?QW a]; Ezfaruitg!el-;e%ittggg of the
| ES ti when the transmtting .

Se%%rgcﬁ@ﬂ%ge@ iQFé\@/OFEdﬂ‘QPﬁ- packet froma second wireless

net\{vork devi ce having a transm ssion position m1,

andli®H]sel lacetheg featiress aulirst Wisldéssmretizi ddiice in a wireless
transmtting and receiving neans does not receive a

neleark kénclfdesn ah@luralignbMivirdless ndMR" KedRE:C S omuorises
[OOlSiﬂm]in still other feg?ures, t he second I@g time 9P

trahsmitting andrecsiiny me_taﬁstfPFtrQﬁgﬁmiﬁ%%rﬁlﬁsrgggﬁ@éagta packéts and

wirel ess network ‘device further co A . s
for@?%@%ﬁ%vtﬁg@iggﬁgﬁ gﬁééi%i’ngman%e%cgnw and control means for
communicating with the transmitting and receiving means, for determining a.
transmission position m and a default IFS t-ime‘ based on the beaéon, for
selecting a second IFS time wheln the transmitting and receiving means receivés
a data packet from a second wireless network device having a transmission
position m-1, and -for selecting the default IFS time when the tranémitting and
receiving means does not receive a data packet from the second wireless
network device. |

[0018] In still other features, the second IFS time is less than or equal

to the default IFS time. The wireless network device further comprises power

management means for transitioning the wireless network device between an



active node and an inactive node. The power nmanagenent
means transitions the wireless network device to the
~active node prior to a schedul ed beacon tine. The
power managenment means transitions the wreless

adivewable i &f |h9cﬁ\}%emdd'éacﬁ'h¥ (%eq]%%er th?m?el:%qq frensitions

transceiver transmts the data pac

t el.ess network conprising t
e Rfied & Rl ik ek BB, B 7ok b A beacon time.
qg bﬁ% tmnrk evi ces. The power managenent mnmeans
t BRS agﬁ@e\ﬂ‘ RPN trﬁ@ﬁﬂkﬂ“ﬁ ievwireless neétwork device to the
actlve node after all of the N wirel ess network
Vieceederaliasihe RE transceivedeansmite the dataspaci@iton
p03|t|on m=2 and the second IFS tine is equal to a
default IFStime of the second wirel ess network
device. [0020] In a second aspect of the present

i nvd0oi9h, tmeti€otter f@ét@Yééj%jwﬁ'efE%%%%%I rS?mRnn?lQpetgg wireless

transmtting and receiving data wth

ndﬁ\ﬁbM@Hlévi@éVéﬁﬁjrﬂh%{%o‘Mﬂ 85N P%\é gve?r{seégt%\(qqk uc?ﬁeﬁsj The power

plurality of wreless network

sm tti and receiving data packets;
m%@%@?égﬁeﬁ%ﬁ r}ﬂﬁ VgFelpss Beiwers devigatothe inactive mode
det er m nin transm ssion position mand a default -
afﬁeﬁsal!"?fgﬂﬂés@dwﬁﬁ lasge Np¥eisn deyigkectrangmit sedatal packet. The
time when the first wirel ess network device receives a

traggisgae iessitionom=2 arnetthedseasindelFSstmees waulsl ey Id‘“e?eun IFS time
having a transm ssion position m1; and selecting t

of thef aetand MBetassmetiverk dédcéi rst wirel ess network
devi ce does not receive a data packet fromthe second

Wi r §0e26] net \/\’Clhkad%\ébéﬁ% %Q{%ﬁ&] of Mht 'ptrﬁ%é){t\thﬁrg\éqmgn there is

features, the second is | ess

q ket t tted
OIS NS 17 S 3043 BORERL 48 B o

rel ess nefwork device is
_ nehW &k d%ﬂ@e %Esﬂmré'}“ess netsworﬂ that includes a plurality of wireless network

transitione

devnces, the method comprising: transmitting and receiving data packets;
periodically transmitting or receiving a beacon; determining a trénsmission
pos_ition m and a default IFS time based on the beacon; selectihg é second IFS
ﬁme'when the first wireless network deyice receives a data packet from a second
wireless network device having a transmission position m-1; and selecting the

default IFS time when the first wireless network device does not receive a data

Packet from the second wireless network device.

[0021] In still other features, the second IFS time is less than or equal

to the default IFS time. A data packet is transmitted after one of the defauit IFS



bet ween an active node and an inactive node. The step
of transitioning includes transitioning the first

wi rel'ess network device to the active node prior to a
schedul ed beacon tinme. The step of transiti oni ng

timedrutiességoms IS arhag the r
device to the inactive rmdé'r%t;\?/er?let ‘%@2‘5 Vfca @Stgansmoned

dat K 0022 |
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still
The first wirel ess network
lnﬂ%@/lgé:g%ﬁglt'tg ?a f @rﬁgﬁl I iemeﬁv\f%&dﬁy@e tedble axtivermatié prior to

é,‘[fd\lv‘”el ss network devices transnmt a data
%quﬁ © ?ﬁ@co'ﬁ B3 ni Baistap pbta‘ansnbnnnmg.?malude*sh@n%ﬁ@hmb the first
IFS time is equal to a default IFS tine of the second

witglesy aetverk @l@wlcedmuthm ing€RBmdde eiffeerthkelstfeleds network
wi rel ess network device conprises an RF transceilver

devirettransmitsitiesdatadpasieei ves data packets and that
peri odically transm ts or receives a beacon. A

contfoe22]modiy §t|l136't'ﬂ'@+nf'e‘éﬂ§r8$‘r g\Hrée Qi Eeng%:?t,g\gr Egtﬁglci%gg\ljdvlreless

deternmi nes a default int s

N f the defaul t
neﬁﬁortkht?ew&‘@c?ﬂe fﬁgpwggpag rf’q {?l?:g |§ tl[aél§§lqn§§?igdhe inactive

IFS tinme and a seco
ult TFS time based on a nunber of
mcgﬂat‘glﬂsf %H CE}et Wirglegs fetaork [fevinescransihiiGe 4lptd packet. The
ot her .features, the beacon includes data that is

trapRENissien pesiipnam=2 andsthiessiconddssi tirnens %ﬁﬁrtdé‘ﬁefault IFS time
w rel ess network device; The control nodule select

‘of eesenanoindirelESs tristworheaviedle RF transcei ver recei VeS
m 1 data packets. The control nodul e selects the

def §0023]! F9nt bﬂ%r%ﬁﬁjrégea %r@é%%@%&«x&dgﬁﬁgﬁﬁﬁé&eﬁan RF

fewer than m1 data packets

trahe@diviére Shatt heafspiitd OJndT[}gH&%e% ngay des cﬂgtsl I:asndt |t|[‘raetr periodically
transmits or receives a beacon. A control module communicates with the RF
transceiver, determihes a default interframe space (IFS) time based on the.
beacon, énd.that"selects one of thé default IFS time and a second IFS time that
is less than or eqqal to the default IFS time based on a nﬁmber of data packets
received after the beacon. |

[0024]  In other features, the beacon includes data that is indicative of a
transmission position m for the wireless network device: The control module
selects the second IFS time when the RF transceiver receives m-1 data packets.
The control module selects the default IFS time when thé RF transceiver has

received fewer than m-1 data packets.



that is reset when data packets are received. The RF

transceiver transmts a data packet after one of the

default IFS tine and the second IFS tine. A power

managenent nodul e that transitions the wireless

net JOORSHevire etib etMBER AfresaBid ¥&nH an inactive.

node. The power rmnagementes’mgH qun@grﬁglap%oH@m eﬁean\ffgs timer
that Isehaes Wi ' he.act i e prior to a .

schedul ed beﬁé‘@g{r‘]a g?é%&& %J%eF%c&%a[ nﬁﬁgggﬁeﬁﬁ@nwfeﬁansmlts a
' i Ld e w.reless network device to the

daltté&%té k%/ﬂegﬁn%rdéﬁeapwg?e pﬁé%ﬁ?}tsr Hmecand the seconthiRS time. A power
rndat arEacket. A wreless network conprising the

WIWBL Madue thaletrepsitipns tther wireless i resta/obe Henideebetween an

wi rel ess network devices. The power nanagenment nodul e _
acliyamade and aminactive eheds Tokvmowed@uhageiiant h?oq(ule transitions

i nactive node after all of the N wrel ess networ

the wirelasssnetwarls detica tdaha a6k flodd SRR ' e, 4
features, a wireless network coon'prl sesbaé g?@ér% '%?%egf’on time.

Thehgowkr el eed MO ARy itr‘éﬁéiﬁoﬁ@‘?ngt W88 TeAEaH Havice to the

nmodul e transitions the wreléss

i [ [ ,mag%a ter an.idle tine on the network

Inétdlﬁg? @gegrég?er h'gél téarl‘sé“reb"&ttr%\”v%{mt%lﬁ datgrpagkeb. Aneireless

nell ri(hg?wi rel es net_v\x?rk devices is a coordinator that .
PETTod?'CRIPIG: g dviralesy metwerc davice funthe! corapiisas N-1 other
.v\%)rel ess network devices. [0027] In other features,- a

Wt GSS1 88WWerk: flevicedeviTe qmwer semadenartThidduld Walsitions the

recei ving neans for transmtting and receiving data

wirglasisenetwankl devicer topihiei indicthad mode” afsihfl toifgﬁ’e 0| évireless network

recei ving a beacon. The wreless network devic

devioeptrapemitcpdbiopadans for comunicating with the
transmtting and receiving neans, for determning a

poabor Tand e BeERRRTES  Wisle S noierhsomarses a piralty of

beacon, "and for selecting o
e FS tine at.
theaﬂffjrefés§ ﬁéjc%rl& d%wces. tI'Re.power management module transitions the

wireless network devices to the inactive mode after an idle time on the network
‘that is greater than a largest available IFS time. One of the wireless network
devices i; a coord,inafor that periodiqally transmits the beacon to the plurality of
wireless network devices.

[0027] In other features,. a wireless network device com'p'rises
transmitting and receiving means for transmitting and receiving data packets ahd _
for periodically. transmitting or receiving a beacon. The wireless network device
comprises control means for communicating with_the transmitting and receiving

means, for determining a default interframe space (IFS) time based on the
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is less than or equal to the default IFS tinme based on
a nunber of data packets received after the beacon.
[0028] In still other features, the beacon includes
data that is indicative of a transm ssion position m -

bebodn ! &igd Vb @l@étfnd“@ﬁ lfhéi‘?i\é ﬁ%:ﬁn}%o%&cg %] s[etcioﬁaﬁ §|$dtime that

sel ects the second

I | ckets. The -
s EeThEN T éﬁiﬂ'i%ﬁ@%?s*?ﬂg'%%m basRHE5 M aivtata packets
t and recei ving neans has received fewer
rec%ea\?%dsﬁtt% tﬂftg% ets The control neans includes
mIL ggrreans for nonitoring IFS tines. The timng
‘S 8] 1 eloestilvpiagr fratargmdhetbeagor indodes edtatithtidendicative

transmtting and receiving neans transnmts a data

of paeanamigsionrpasitiorom fdrehdefieelbss hEGvdrkevided THE control means
second IFS time. [0029] In still other features, the

selsctethessesmaidNBIS tinheMivaen fthé tiRfsmisiA @I%%e'ﬂﬁr“\@ means receives
managenent neans for transitioning the wreles '

m-Nedanar ackityi CEhO M ABaAS (deVdt ansqagqulﬁgFt‘Sh@Ct ' YRen the

node. The power nmanagenent means

R RO e ah B RuBRohePraahsist packets
Thfg. % | ons the e{ ess network device to the
n &F%é“%bse'”&ﬂ‘%s IMENG MGANS for imenitaring Eeitimiesy The timing

neans transmts a data packet. [0030] In still other
MEaBSt it d85el WiGre|dada packets katompceisedgandicthel teinedditting and
networ k device further conprises N-1 other wreless

reqed(ing means/irarsmity hedatp paeketafagene st tHEASBUIt IFS time and the
transitions the wirel ess network device to the

secorattAS@merode after all of the N wirel ess network
devices transmt a data packet. The 11 power

ggclﬁggﬁpg IﬁE%ﬂFf bIRASFEAtaRss, iR WiFSLES Shdl to\lr\ﬁ)rgevice further
comprises power management means for transitioning the wireless network
device between an active mode and an inactive mode. The power management
means transitions t.he wirele_ss network device to the acti\)e mode prior to a
scheduled beacon time. The power management means transitions the wireless
network.device to the inactive mode after the transmitting and receiving means -
transmits a data packet.
.[0030] In still other features, a wireless network comprising tk;e wireless
network device further comprisés N-1 other wireless network devices. The

power management means transitions the wireless network device to the inactive

mode after all of the N wireless network devices transmit a data packet. The

11



i nactive node after .an idle tinme on the network that
is greater than a |largest available IFS tine. One of
the wireless network devices is a coordi nator that
periodically transmts the beacon to the plurality of

powier emasagariemr el 68AsitbA93He 'vﬂré?éggnaétﬁ@w}#‘[]&e}ic@s to the

nmet hod for transmtting and receiving

inadkive egenaterobh ity tink BATRE AERudtk hEPY Pl tnan o largest

transmtting an recel ving data pack
; Fadi:cal | Yy dt 1t 1 beacon,
avlae IFRNAR, Qe ute udess mefaRd deyibays o geordinator that

ed on_the.beacon, and selecting one of the default
Pe{’@%?i%ﬁaaﬁw'fa‘?é‘@%&ﬁaop ks the pluralitytofivyralessnetwork devices.
equ@ tﬁ the default IFS time based on a nunber of
dat 2P3Hket & pesifoatures.i 2 method foe dezovsmiftd@Band Ireceiving data
still other features, the step of selecting includes

WitheRewdretepst netwsrkc deticeFSotripriseal beNeasicohdi BY tarkmitting and
dat a packets. The step of selecting.includes

O ate packers are rece ved O A ERuEENY 2ol daperpiting a
T i B BT RS el PR Binrls2g,on e beacon,
o SR Anbiohe ol e AR SAuBk G 2 SRbend Bis Jime ket less than
or TR0 she BBAL S frmbdinsey o Bctlimbiy aiipta aokbts oeived afer
the(ab beacon, determining a default interframe space

90N i me based on the beacon, and sel ecting one of
the default IFS tine and a second IFS tine that is

| esEG32n dn sditjudhet featiresditfeasteh dffsaiddting ihé@%@s%‘%lzeﬁing the

number of data packets received after the beacon.
Seq@BBIS timesaftér reotivirig neRidat® packdts. bRACHRPI dfcéell’éj&ﬁg includes
m

data that is indicative of a transm ssion position
seleotindi tive IdefAa8 IFS NS kvHisVivfer thAR HLPRISYS p%%‘(gf:st épegreceived.
An IFS timer- is reset When daté packets are réceived and a data packet is
transmitted after one of the default IFS time or the second IFS time.

[0033] In other features, a computer program executed by a processor
comprises at least one of transmitting and receiving data packets, at least one of
periodically receiving and transmitting a beacon, determining a default interfr.ame
space (IFS) time based on the beacon, and selecting one of the default IFS time

and a second IFS time that is less than or equal to the default IFS time based on

a number of data packets received after the beacon.
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i ncl udes selecting the second IFS tine after receiving
m 1 data packets. The step of selecting includes
selecting the default IFS tine when fewer than m1
data packets are received. An IFS tiner is reset when

- dat gopaaket $n afif ofiRsiSe L
traf][sm' t?ed After one éﬁﬁ?ﬁ’gﬂget?eg&%bqu@%ﬁ@t%rth"{’th'é indicative
i hoe | L.n, still, other features, the’

oo PaTiseIn RBFRonal et Miridin asiRin iviosor tet ftame selecting

: ] and an in Lve node. The step of

In@?é%gs/ i%teﬁcgiiﬁﬂg&]ei ﬁ%‘FQﬂfgi'% PR iaftes e Agivinge nwil réatespackets. The
netiork evice to the active node prior to a

SteR 9d flRdinge EHIas Relecting the alefadit | FSntimei whendewer than m-1
i ncludes transitioning the wreless network device teo

dath parkelstaredensivedafAretFs timesis teset w/herd@ata RAKEES are received
The wireless network device is transitioned to the

andnaciata pankeleisaf arsmited dftdrasife o BlaVBEks MW
transnit a data packet, wherein Nis a rﬂﬁfgfﬁg‘ﬁ or the second

IF8itingd.ess. network devices in a wrel ess. networKk-
including the wirel ess network device. The wreless

net evi L& r |tioned to the inactive node -
af t g?ﬁgﬂd -l Sl ?rté‘tergggﬂéf}%ﬁ' Hlle wdreless Retwerk devisgi i dransitioned
bewge '{nel ezs network device that is greater than a
argest” fAAVPaBIYS 28t pReinathve yraden iThet istemmift tradsitioning
. to,a Pl urality of wireless network devices. [0036] In .
indydes trepstionig, the wirelassenetpod denicexectiecdcine ode prior to a
rocessor conprises transmtting and receiving data - :
chwéﬂsbewﬂ diineal Thet stepsof tidnslioning I8A8HYE Nearitioning the
beacon, determ ning-a transm ssion position mand a

wintlgssuhetwdrs deviee tanednaetivel fdRASRBY tr%%%ﬁﬁﬁih@%%adata packet.

second IFS tinme when a first wrel ess networ

Thasiiess A AN BASHA IOME AR PR wirlos
neﬁﬁ@rkséé\%éé Nearidifit daefoaatt'étpgcﬁgt,t\i/v-erevi\ﬁelq itshg lfuljrrn%gr of wireless
network devices in a wireless network- including the wireless network device.
The wireless network device is transitioned to the inactive mode aft'ef én idle time
on a wireless network including the wireless network device that is greater than a
largest available IFS time. The beacon is transmitted to a plurality of wireless
network devices.

[0036] In 6ther features, a computer prc.)gram~ executed by a processor
comprises transmitting and receiving. data packets, periodically transmitting or

receiving a beacon, determining.a transmission position m and a default IFS time

based on the beacon, selecting a second IFS time when a first wireless network
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W rel ess network device does not receive a data packet

fromthe second wireless network device. [0037] In

still other features, the second IFStine is |less than

or equal to the default IFS tinme. A data packet is
devicaneateivesda afste paeket Hork eseed bl WBtK Yevidihavi

second IFS tinme. The first wrel esgﬁrﬁL{s\%o?é%biJ@é”qeshav'ng a
transenissibh opesiiob ehvee ngn i de an inactive .

mode. The step of t'r a?gi ?Q%H“ﬁt@n@ %Esﬁ% time when the first
witd| S hé i ey dd wirel ess network device to the

active rmdl((ela%?/ fc%rdé%é' ﬁét SEREFR QSP%B%E@T- fromdhepgeond wireless

of -transitioning includes transitioning the first
nefMr;e &éésvéé%etwork device to the inactive node after the

fi rié g@rel ess network device transnmts the data
pac k8937 Irheln stilhathies Seaturpesthei secomd2Fantimichie less @ih or equal
ime is equal to a default IFS tine of the second

| FS t
to {iie ertasdt IS iwek A st packeDRBFandmiResftdeate! bPthe default IFS
W reless network device in a wireless netwrk that .

timienot dioke seaoptl UFE fifne. OfTHai fifdh S| eyl i siti
conprises an RF transceiver thatégtegrﬁ%é)rércl)%sag\ﬁgg Is transitioned

betviesen B data e a . i.qdi cal | transmts @

or receives a @gggo%.ﬁdAgﬂoﬁ??gY&%aﬁ?e ?&%ﬁﬁ@%é{fegransmonmg

incM R T iver, deternmnes a group -

mcimd%%t tutr%]'i%é{rﬁﬁgﬂé tggg@t“u‘”éﬁ'eﬁﬁ &‘??W‘Pfi@e\ﬂ%%at% agtiee mode prior to
' +ahd selects one of a default IFS time and a

a Sgg%gﬁ@dl %%nﬁﬂnﬁair&? e POf ternsifiqning includeseirarsitioning the first

Wirg 039% In still other features, the control nodule

SScheMaik dvigmdo thef inactive ASotenaftenthd Hiests aseNshs network
IFS time based on the data packet received and -at

deyigg dtansmitsdhetdata gracket. i 'ﬂl@@tﬁaﬁbﬁﬁss@éﬁb@lﬁitibﬁ%ﬁﬁ &ridPe second
or

identifier. The second IFS 14 tinme is |ess than

IF_sgg??riﬁiteg:ghmag g&ﬁﬁgt IFS tirlel GFthe K308 Wi ks RAM Gk device.
| de[oodsier 1y bapdiiuide Qe%%SSTHStﬁé’rﬂt rd%lvice in a wireless
network that includes a plurality of wireless network devices comprises an RF
transceiver that transmité and receives data packets and that periodically
transmits or receives a beacon. A control module ‘communicat.es with the RF
transgeiver, determines a group identifier and a station identifier b.ased on the
beacon, and selects one 6f a default IFS time and a second IFS time based ona
data packet received. |
[0039] In still other features, the control module selects one of the

default IFS time and the second IFS time based on the data packet received and

at least one of the group identifier and/or the station identifier. The second IFS

14



nmodul e sel ects the second IFS time when the data

packet is received froma second wreless network
device having a group identifier x-1 and a station
identifier y. The control .nodul e selects the second

timé S lessRhahen eqlal Baha degéel!fﬁfs iti%é.egﬁ% ‘égﬂg{}[ﬁ@d‘%le determines

second wi rel ess network device havin

i AR station identifier y. The
QRS Ioie! Remd o Rioritg) Ureck fongegen. (e cortro
[ ' roma second wreless
A8 MRS AL Gt ereikain receives fom o
station jdentifier other than y. [0040] In still other .
SeF%’é{’ u‘P’Eg'I,eSa BPMREK | ¢eyiee ravirg bagrdupnidehtifier aup and a station

identifier, a delta IFS tinme is based on the station
Ideriifier i¥-i efhe swatroheathiladalettsShet seworics IRS stitfieOvhbREthe data
group IFS tine and the delta IFS time. The device
packeinssrireseivaddfrom raseebnaf wireledBenewdrRedéatauhbyih§Ss group
time or the second IFS tinme. A power nanagenent

idemifiet ¢eddéiart kadrid bi @Bk fﬂﬁeﬂﬁfre‘?'r}gi?h@eéa/}ﬁgdg_rﬂ%@%esebcts the

bet ween an active node and an | tive 1o

RANE t i,tions .the_wreless )
denet \Agfgag@%?@é Inoﬂ?%ea ag%té%éeﬁolaere&efvgpl {rBtmcl ascs_r?téiéi’g'ﬁgﬁ"re'ess
: ] : wer, agerment nodul e transi
ek Bavind S PRidao N Cornh Staiart clentnbarer than v
- after.the transceiver transnts the data packet. A
coof@q@t or'n @epﬁ'@rpf@ﬁt%ﬁﬁcalgfyuprlﬁﬁstmesnstﬂimsdnbandhe group
to the RF transceiver. [0041] In other features, a |
Ideptifier. e deliatlwbrtime ey ibaseil romthv sttiensdentfieroridtthatdefault IFS -
includes a plurality of wireless network devices |
timeoies sgmsof theagroup 1E S nineBAd 6 delth MBS TRRES The'device transmits
transmtting and receiving data packets and or

a qetaipadkethftyr bh@ s Mhd HeRLIOFY 858 éérj t&gt%ct%ﬁgclgg find A power

control neans for 15 comunicatin

BRI 08,5 A ALl 5SS Been an

group identifier and a station
actﬁ\?@ﬁg&e Qﬁ‘&i afn%agt‘?\}ee%d eg The power management module transitions

the wireless network device to the active nﬁode prior to a scheduled beacon time.
The power management module transitions the wireless network device to the
inactive mode after the RF transceiver transmits the data packet. A coordinator
device periodically transmits the beacon to the RF transceiver.

[0041] In other féatures, a wireless network device in a wireless
network that includes a plurality of wireless network devices comprises
transmitting and receiving means for transmitting and receiving data packets and

for periodically transmitting or receiving a beacon and control means for
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one of a default IFS tine and a second I_FS tine based
on a data packet received. [0042] In still other
features, the control neans selects one of the
default IFS tinme and the second |IFS time based on the

cofth@nipagkg twitle eV #dn&mfitin taﬁoegéé?iigﬁ%e Teatﬂl,%: fgrégg#armini_ng a

identifier and/or the statYon : AN Came SPeY _
i4dd [ : Lequal to ef au ' .
g finiaerfer shd 82l oSl aseslon dhgrsmaronaand fareselecting
' tagfi .dentifier based on the beacon. The
Oncoﬁf%o%e??@éﬁggsﬁm@c?gdt‘?les né$ Finei basathom ehdata packet
dat a, packet is received froma second wreless o )

reGelY&tbr k device having a group identifier x-1 and a
station identifier y. The control neans selects the

secA2IFS tn will whtber tfaetudes,athepaokerol ifieses Yevdds féfiNof the
a second wirel ess network device having a group

defaldrlFS fire dresthd becond IS imeshadPbn ke Abid Qﬁékéﬁ-rﬁc@i@ed and
control neans selects the .default IFS tinme en the

at (it op@Chthel SroUpCRieKEfer 5%?1@%%@]&%@5&@?@ The second IFS

netmprk QeV|c¢ haV|ng a grgup | 0 oand @t
i e S A8 LGl ot eh P I ol OibBtg) Engens determines
' t.,fi a dglta IFS tine is based on the station
a érggﬁt'{j%?@é,r % /493 staflonaidentifiersy based onsthe beacot. (e control
roup IFS time and the delta IFS tine. The device
’néanéng

fleels the gecan@dbRetimeaf whendhe ddtat packifisucceBd from 3
time or the second IFS tine. The wreless network -

segrd (dreless Mmatwoohdevies havimg amg mashtiMRaRs beH a station
transitioning the wreless network device between an

idemtifiev ¢. mddhe @obdtrah mém_%bbé%tﬂlﬁ’@-se&ﬁdpﬁi@erﬁme V&he_riéhe -déta
rmnagement nmeans transitions the wrel ess networ

padiesti B réceivd@ M6 e BB Rlirdlest °n§tmﬁ>9l§‘ec§jéur;§éjtrf?g/"?‘r?§ "2 group

time. The power nmanagenent nmeans transitio

ideptifier 5% #RIVR dhd8VitShoh ?dénqgieirnygc .h\éecg.ﬁtg(ﬁ means selects the
default IFS time when the data packet is received from a second wireless
~ network device having a group identifier x and a station identifier other tha.n y.
_[0043]. In still other features, a group IFS time is based on the group
identifier, a delta IFS time is based on the station identifier, and the default IFS
time is a sum of the group IFS time and the delta IFS time. The device transmits
a data packet after one of the default IFS time or the second IFS time. The
wireless network device further- comprises power management means for
transitioning the wireless network device between an active dee and an

inactive mode. The power management means transitions the wireless network
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after the device transmts the data packet. [0044] In
ot her features, a nethod for transmtting and
receiving data wth a first wirel ess netwark device
in awreless network that includes a plurality of

dewidee t@ Sthen aewps Kmegyi gﬁ'ér QB”Bfgﬁe;qlﬁ %:n?é%ﬂl t andglhe power

recei vi ng data packet perio

éﬂgn%ggigatf: i @r mwghlggﬁ @eg@gaggga\ﬂg%fgé ftfllg {naatlz?l\olle mode

ation | nti

a
d d IFS
SOl a%&r%e%%%LéaéhFe?cél ved. [0045] InStill

Othib tu es the step of selecting includes
sel 9?‘%@ har femturest aumethaesfar, Mensmdtlmgl@msjem@dnng data

| FS tine based on the data packet received and at

withea dirstomiseless edwgriodevicd émta WIreleSarrrfyt\QbrK Hatshatiie a plurallty
identifier. The second IFStinme is |less than or equa

of vgrelbgs defvearkt déviCes icBenprided! Batsrh AN
station. identifier y arpe determ nﬂﬁﬁoase Cé'v"ﬂiga?a packets,

pebigaically triRenfitifg d}freceWgSStHe%goh n&%ﬁéﬁ@?n@ﬁ'@i&p‘gﬁ%ggmer and-

second I FS time when t ata packe
k_d h
2 13880 Mher BeR58 SPHEbLalEl FhLarirlias Oy Ghe defaugt IFS time

f i nc| ude sel ecting the second IFS tine
an e?ﬁ%cﬁ.bo[ ffa?ﬂ @ PQ & calaiRpsset rapgivedsecond
ﬂ’&i@ netvvork deV| ce having a group identifier
I es n xNaftll ptkernfeaurasidhei steprofy sefBbtingtinglugés selecting
sel ecting includes selecting the default I'FS tine when

oner hatdefpatKES limer aukitvedecdid IS thRs Bibod dir? |tﬁé‘?iata ‘packet
networ k devi ce having a group identifier x and

recetived and at deantidriecsf hlehGrou Ehé@nt}ﬁer]a?bd/&oﬁ@ stgp%ﬁﬁ%%rﬁﬁlsr The

other features, a group IFS tine Is based

secoletF $ itigte lsae§§ltﬁa7h bF@gE{al{‘iﬁ tb% d%?ﬁtﬂfjlé@t@bs %t apupljl%entlfler X

identifier, and the def
anigg@Lé‘?aﬁd:nsidérﬂﬁie"f‘r&’JI et UetEIhReh BadddBn helBbachaCkel step of

selecting includes selecting the secdnd IFS time when the data packet is
received from a.second wireleés network device having a group identiﬁef x-1 and:
a station identifier y. The step of selecting includes selecting the second IFS
time when the data packet is received from a second wireless network device
having a group identifier less than x and a station identifier y. The step of
selecting includes selecting the default IFS time when the data packet is received
from a second wireless network device having a group identifier x and a station

identifier other than .

17



transmtted after one of the default IFS tinme or the

second IFS tinme. The first wreless network device is

transi ti oned between an active node and an inactive

node. The step of transitioning includes transitioning

t herdodest Whr&ie j . |V

or 1048)" i iceheRdputics, FX0G5 18 ding B Hdsed BR4Re group
; . it LoRi [ 4d transj.tioni.ng.the W rel es
iaehfifels A ba8 s 5 M BBsRA T e SRUR iadFuner! BndHRe etaurt IFs
f transmtti ggl; t he datE packet . &0047 I n ot her '
IMe 54,5481 of the, GiouR A F S WgeAnd the detta Ihp timer odedatsr packet is

conprises transmitting and receiving data packets, -
transapitisgi elen gneafibai defpul 168 timecesi thensecortkicBrtime. The first

determining a group identifier and a station -
wirglgsatrietwerk Hasied is drartsitoneeasetvecansh seties imode aRg £ inactive

a default IFS tinme and a second IFS tinme based on a

modat aThe e of eerisitRing Hid&led ﬂaﬁ&iitibhi_n%th%rfirfs?@\?r‘étrl%e% network

the step of selecting 1ncludes selecti one o
de¥l6d Al thd Fetitié dofi ' SEeON e
edata packet I érag@giegegﬁgﬁéég{‘g&@%ﬁ%&gg‘g?&@h@%&oj&e step of
' 1 fier / he station,.identifjer he second, )
traf 8 i, Ao BodiinBh tne Wireles heMick deios S e inactive
t,i A group.identifier x and a station identifier y
moQPS&B%t%%]‘WWBW%E@ t8Packet beacon. The. step of
sel ecting includes selecting the second IFS tinme when
t helQAP473  pdBiathen tpaturese avesmmputempsograme erasutadthyoa lprocessor
devi ce having a group identifier x-1 and a station

comnpases ftiamsnyitting8ahd048iviny satd Ipackéte] peidtiially, trafmitting or
step of selecting includes. selecting the second IFES

recehRy wltsscone ddRIMMIAG e ord b IRFRINGP ANk 90N [ tAer based

network device having a group i1dentitier less than

on 18 R4EER o A 058 f 2 BERLILER (e J64 480 s e
ba@@fKfila dSta' SiReY ibeived. |
[0048] In still other feavtures, the step of selecting includes selecting
one of the default IFS time and the second IFS time based on the data packet
received and at least one of the group identifier and/or the statioﬁ identifier. The
second IFS time is less than or equal to the default IFS time. A group identifier x
and a station identifier y are determined based on the beacon. The. step of
selecting includes selecting the second IFS time when the data packet is

received from a wireless network device having a group identifier x-1 and a

station identifier y.
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froma wreless network device having a group

identifier x and a station identifier other thany. A
group IFS tine is based on the group identifier, a

delta IFS time is based on the station identifier,
and[Q49]deflawtill dthér fdatreiss thie StEP Of sdIb&irY RERdesRSlect

time and the delta IFStine. A tfg a packer?gri stdels S%IGCt'ng the

sedoran$iPSt e Ahkar tHn gy f FS L or the
second |FS tine. [0058]95 I‘%{%telt IOIF %tekré/rehf ggb‘lugggv’lreéess network

deité 8Os & [ I tioned betvween a
T oy A YA ke RasInsh303hd wdalion sfantiery " The step of
i ond ihcl udes tr jtioning the wreless

sl b It ik Pale oG e Setah 0P utree sy thetath packet is received

fi schedul ed be coR d&ﬁi}{m&*. The step of transitioning -

rorN 2 WIRLESS PEMQIKidsiiGshaBeg awpraspeidentifienwo akd destationtidentifier
the inactive node after transmtting the data packet.

Othep&mar Y1 rt group IFoS fiste fsehasadsn thagreys idertifienda delta IFS time

~ nethods described above are inplenented by a conputer

is hesegr emtle statioedidentifere apd thier @efablt OF SSHAL Is a@lﬁrp of the group
conputer program can reside on a conputer readable

IFSTeitieland SHE eI RS tiRgd, 1A Hiag;grabg?tﬂig@éﬁsrpgtgpeaﬁer one of the

non-vol atil e data storage an rSul

defbaﬁgjﬂ:@tgn?bpwgse% ¥ ] 0052] Further areas of

applicabiTity o pres invention will becone

ap from.the detail ed description provided _

her |0§§ﬁt er“g ﬁtﬁ' @HSDI RPHESS, thydrelessorenik devéce is transitioned

b detai |l ed description and specific exanples, while

eWRENC AN AGVeLINeRR Fdias rRactiebowbdmnt The step of transitioning
invention, are intended for purposes of illustration

Inclydes teansitoning dhe iwiralestedetwoik device he theangivefmbhe prior to a
i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0053] '

Scfﬁgéﬁ?ﬁ? { :rt;?n‘en: ;Lmdgtip?ldggﬂgg?g??ﬁﬁ , Iielddes transitioning the
wir@iess)mi@&ﬁdrikrwa\ﬁéé‘tﬁ HeSina¥i\ Ridde after transmitting the data packet.

[0051] In still other features, the systems and methods described
above are implemented by a computer program executed by one or mbre
processors. The computer program can réside on a computer readable medium
such as but not limited to memory, non-volatile data storage and/or other suitable
tangible storage mediums. |

[0052] Further areas of applicability of.the present invention will

become apparent from the detailed description provided hereinafter. it should be

understood that the detailed description and specific examples, while indicating
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[0054] FIG 1 is a functional block diagramof a
wireless network that is configured in an

i nfrastructure node and that includes one or nore :
client stations and an access point (AP) according to

' ; 0 FIG 2 .is a functional block
the %@ged@mo%@éa'v"ﬁ‘%’& gg]sthﬁei%f’ﬁbﬂhﬁfeiumte%m i four pdrooses of
. - - - od d that includ [tipl l'i ent
uste 3o By el B petgterigertndimit herscaperoffibesojerfion. 3 i s

a functional block diagramof a wreless gam ng
network that is configured in an infrastructure node
wi rel ess local area network (LAN). according to the
present. invention; [0057] FIG 4 is a functional

bl ock diagram of an AP for a console in a wreless

gani ng netBRIEF MCRM|@W®WH§§RﬁO?I|\?§ adi o
ing to

frequency (RF) transceiver accor e present

(10058} | OThel BERRht dvEntiBn! il Sod it gﬁﬂr‘}' ;@l&fﬁ@e&%@@ﬁg}om

of a wireless network.device

the dd ¥t J +.El 6 is a timng diagramthat
© d%t??@&éé&?p tiof tthes%%gppﬁépr?nym d'ﬁ%%@%d’f’h%@mia tines

ustrates cl1en

i i r ss .LAN according to the prior art; 20
[[9836}” F%l&% §rAS 2 UBCfﬂ?f?ﬁq%DQiﬁ diggeam of at wiréleas netwerk that is
confi cl idim station [FS tines in a wireless LAN according
MIPEPLIN3N KXrashychamede and tattineluges seetor moredidr@Btations
[0061] FIG 7B is a timng diagramthat illustrates
and aig pLeess Reiat (AM) ac®rdingrteshe priar iy el ess LAN accor di ng
to a first inplenmentation of the present invention;

[[008%] FF(&. 76 aunctioral Biboki Aggam bPatwitdiIbYS hERIGR that is

client station IFS _
conflgured !n an ad-hoc mode and that includes multiple client stations according

to the prior art; -

[0056]  FIG. 3 is a fun'ctional block diagram of a wireless géming
network that is configured in an -infrastructure mode wireless local area network
(LAN) according to the present invention;
| [0057] FIG. 4 i; a functional block diagram of an AP for a_conéole in a
wireless gaming network fhat includes an SOC and a radio fr'e-quency (RF)
transceiver according to the present invention; | |

[0058] FIG. 5is a functional block diagram of a wireless network device
according to the present invention:

[0059] FIG. 6 is a timing diagram that illustrates client station TDM

protocol delta times in a wireless LAN according to the prior art;
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times in a wireless LAN according to a first

i npl emrentation of the present invention; [0063] FIG
7Dis atimng diagramthat illustrates client station
IFS tinmes in a wireless LAN according to a first

PO 2UE1E0 PA 18 0 eeBlaerd B 04 B e lton s
tmihor BL SRR U BB B D FesicmalPmantghon 1 the present
invghgsent invention. [0065] FIG 9A is a timng diagram

Millustrates client station IFS times in a

w rel ess LAN according to a second inplenentation of

t hel16dentF!G. n{Bnisi @rtimingogigramahad Bllustratesi clieny station IFS

diagramthat illustrates client station IFS tines.in
timgswinr @l @greldssNLAN aationgingote as fiesininplefBMSRdfothedresent

the present invention; 21 [0067] FI 9Cis a timng
inveheigfiam that illustrates client station IFS times in

a wreless LAN according to a second inplenentation of

t herguigzentrId, YENK! 8Mimiy nga]%éjngtyha Mistrdiel Q¥R Whtion IFs

that i1l l'ustrates steps pe

: twork [ ce t\@;sel ect. cljent .station IFS tinmes
t'mggc}gfgi r\@%!éos(‘sa Léi&oﬁ%oré'ﬂﬁl figt; BpPigmentation &fete present
. invention; [0069] FIG 11A is a timng diagramthat
INVENOit rates client station IFS times in a wirel ess

LAN according to a third inplenentation of the present
i nvEdR63dn: FIG. 7D is a timing diagram that illustrates client station IFS

times in a wireless LAN according to a first implementation of the present
invention; |

[0064] FIG. 8 is é ﬂ_.owchart that illustrates steps performed»by a
wireless network device to select ’plient station IFS times according to a firét
‘implementation of the pre'éent invention.

[0065] FIG. 9A is a timing diagram that illustrates client station IFS
times in a wireless LAN according to a second implementation of the present
invention;

[0066] FIG. 9B is a timing diagram that illustrates client station IFS

times in a wireless LAN according to a second implementation of the present

invention;
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[0070] FIG 11 Bis a timng diagramthat illustrates
client station IFS times in a wireless LAN according
to a third inplementation of the present invention;

[0071] FIG 11Cis a timing diagramthat illustrates

' ti loS.; ks i wir.el AN accordi ng,
o EAULS TR A Bt v
tini%éﬁ%a gérglelsénl‘lgglsgc‘?qrm ch aasﬁ\ﬁg‘?’ldn ieplementatien qfithe present

. a third inplenentation of the present invention;
'n\{e&@@] FIG 12 is a flowhart that illustrates steps

erf d by a wreless network device to sel ect _
Ig| i &%gg} at FHa- 11Psis ianfowsbent thatgillustrateshiteps - performed by a
i npl enentation of the present invention; [0074] FIG

wiregss setvdrrdsviamtn sblect klishtagtaton @FS&irHé;g'éc@Schﬁ‘%ttJ&%nsecond
television; 22 [0075] FIG 13B is a functional bloc

impieaggretation of tivepredent aReintigh; system [0076] FIG 13C
irjs a functional bbI ock diagram of a cellular phone; and

T899 LIS A e B 28l s
e TEIA a et b NLATEINg (oA SBRaary R annet dhe present
Aand is in no way intended to [imt the invention, its
'”VgﬁgPPbati on, or uses. For purposes of clarity, the _

same_ reference nunbers will be wused in the draw ngs

to QR f yFiF.ni 1Brised ¢imingsdiagmmishdt hiesghtos théntt €&ton IFS
times in a wireless LAN according to a third implementation of the present
invention; _

[0071] FIG. 11C is a timing .diagram that illustrates client station IFS .
times in a wireless LAN according to a third implementation of the .present
invention; |

[0072] FIG. 11D is a timing diagram that illustrates. client station IFS
. times in a wireless LAN according to a third implementation of the present
| invention; _ ..

[0073] FIG. 12 is a flowchart that illustrates steps performed by a
wireless network device to select client station IFS times according to a third
implementation of the present invention: |

[0074] FIG. 13A is a functional block diagram of a high definition

television;
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nodul e and/ or device refers to an application specific
integrated circuit (ASIC), an electronic circuit, a
" processor (shared, dedicated, or group) and nenory
‘that execute one or nore software or firmware
Pr OgyGYS}, aFEeMABRAld AN AnAtRALE b Gl o Qtiher
sui gnabl e conponents t hat npért%\?]iagebl%{{e%eérgﬁb%gdg vehicle' control
sygtléﬁﬁti onality. [0079] An inter-frame space (IFS) time
Isamnnmmtinme that a station waits after the

co jcat i Lum becqmes free prior to

tr m(ﬁti ng%gﬁgé. IS & “’Pﬁgm”ﬁi PE’CﬂScFﬁéstaéfbﬁéa&@Uukaﬁ,pmh\@; and -
Wi r prfgt ocol according to the present invention

al | t at I Ghs! 30 I8 &urgtionat blaskdfiagraco ot a set tdg-Box.

times with no random backoff periods. By preventing
collisions while elimnating the need for random

backof f periods and by maintaining short IFS times for

ev eD§ T hE DR E SIGRIPIVONQF THE@*REFER@@«DCEMB@[%M@QTS

consunption of all of the stations is reduced.

maf Glan < 1L nee g Endls AR B

t Q&Hh i he in. 23 008 I.n . some types . )
et SRThpBly DB Bl Moy palRdhe HaBa foe Tienton, it
' fa ularly, for exanple, at each beacon
ap{"?@é’r \%f’f g%l% E@gﬁﬁr@%ﬁ ofigigrity; theesane refarpnse ngmbers will be

W, r.el ess consol e gam ng application. Since nost or all

usgd in ngsg’iﬂ"Y'BE% toriggstifyt similafeelementsie As ummde hetdiar the term
stations during each beacon interval, a nmaster

mosiulg e/ dcdevies nefers ta taat applicatioasspepifipuipnegratdd efrcuit (ASIC),
each beacon transm ssion.. The nmaster station can

an\efectrdrie crtait,i ®precuses (SRAYENEEdicRed, MRS5S nory
rotating the order foll (()vvi ng each beaéon@%@s?nﬂggﬁ%wpw that

exddite b dr AorboEoBRSH %%ﬂgwggg tpl‘fjg@%ﬂ%n%rg%élr‘}étional logic

upon the access sequence _ y= upon :
cITEI hRKS HnEFSGIARC cbMePrBfs LB pRoveRTTT dePSiasi funclonaity.

dat ﬁ)(ﬁ@ﬁor dAﬁ]%térqfra%efégasc;te Jllgg) %i;nrcraeis_a minimum time that a station
walits after the communication medium becomes free prior to transmitting data.
To minimize power consumption, the wirel_es_s protocol according to the present
invention allows stétions- to use shorter and/or constant IFS tir’hes with .no random
backoff periods. By preventing collisions while eliminating the need for'r.andom
backoff periods and by maintéining short IFS times for every station, the average
awake time and the power consumption of all of the stations is reduced. A

wireless network operating in either an infrastructure mode or an ad hoc mode

may implement the wireless protocol as described herein.
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during a first beacon interval, and according to a
second or different IFS time during a second beacon
interval. [0081] In a wireless gam ng network .
operating in the infrastructure or ad hoc node, a

cl i §0086F at irPRBNid bf F\é st %q‘as\’%ﬁ;aélo E q§ Sr]%fneed to

station during each beacon e seunonce
[

“""""%?“%eé*.asfeg ée'i’?:o@r'lueq{ g{’@éi 39? ‘%aé’ﬁﬂ @t%ﬂ/abnh | I@:é@mple of
ndom2|n or rotating the :
R R ol € wilesS Goarelaranmion amiisatione iboacnsst or al

ran ssion. In this manner, a given . client

of iffealsfaglﬁn%t[qns[mlgﬁgmqs iene at ouoreiathet statiohs ideiringFach beacon
time during a first beacon interval, and according to . :

intgnabc anmas ﬁiat@rdldetmgnlaese@mdtlmaé‘{@ésb% L)’éHce after each
[0082] Referring nowto Figure 3, a wirel ess gam n

beﬁeomrrans!iﬂssnoncImm&téﬂ%tl@ﬁmaﬂgvéllﬁ éestg‘l?(%rﬁggc@& sequence
or nore client gam ng devices 34 clien

bydendosszidg drvatatiey whd glrczé'rs (ﬁll?%g gtagﬁ tget Wor%f’gl%smlssmn The

24 hardwar e and oper at ! € > ving dovice
e _
FEFRPI0F 4Bk, Halbl i dRidba Hifru e Hiviesperaceduance and
Qi nt [ n the W rel ess ganm ng net wor K. _
pa?ﬂe“@? %?%Egsd%(ﬁ/ﬁ%l efGRsived i | werticsiargbeacen period. In this
mobi ity of the client gam ng devices 34 and conserves
MYV afi é‘ﬁ ovlent fatien el igansmeit alata addcondingt iool Wt IFS time

the active rmde Those skilled in the art can

dugipg e Ershtheadeat inténvah cartd geoominEl &y i Sedendaf dlﬁ‘@rent IFS tlme
client gam ng devices 34 may be a gane consol e an

ther
during al sxendnimdconemictes), respectively, or any o
sui tabl e i nplenentation of an AP and one or. rmre

o e o 28 30 O B8l 4 o
ad At AREIA! 8% diiBnf'StABALETB frames to every other client station
during each beacon interval. The IFS times of each client stétion dictate a client
access sequence for a given beacc_)n interval. The client station access
sequence ié varied by randomizing of rotating the IFS times among'the client
stations following each beacon transmlssmn In thlS manner, a given.client
station will transmlt data accordlng to a flrst IFS time during a first beacon |
interval, and according to a second IFS time during a second beacon interval.

[0082] Referring now to Figure 3, a wireless géming network 30
includes a host gaming device 32 and one or more client gaming devices 34.

The client gaming devices 34 include wireless local area network (WLAN)
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[0083] Referring nowto Figure 4, an exenplary AP 14
for a host gam ng device 32 includes a systemon chip
(SOC) 34. The SOC 34 includes a baseband processor
(BBP) 42, a nedia access control (MAC) device 44, and

haatvirgrie &@o@@?ﬁi@r@s‘&l%nt's‘igmng |negn Wés‘tﬁfc‘tdr%l Mo Q§= 4%Work The

i ncluding i nterfaces, or processor

hoéﬁ%éﬁmtd 88 E8 BD élgé)rwclpﬁggﬁr@te\g% @ﬁm WI t n cp@_erates as an

42 conmuni cat
i ves data to/from client
ace ST BERLVRE) (e, VB TS SAIRG otk | hae Aprelass Gagning network
or the client stations
a”%"e%/refﬁ’gaéra hafmé@w&%?%ggcﬁemegwgﬂedemsam rezidudesserves
a buffer 50. The MAC device 44 stores data that is _
operatisgraweb byt Frdusing ithe siveralbdsiratiort bé thafd@iveSMhode. Those
until the client stations enter the active npde. As
skilled ustthetarti can dpmeciatd thahtheARodtdgaMihP8edicBOSE 4 fhe client
network 18 that includes other nodes such as a server

gadingindevides B4 coapeskeq ¢ ta?n% (gir%ToLéeb%Hchmrelfess Hiaput devices,

communi cat i ons system 22 "such as t erne

[ d
40808 ol o0t AR Ao AR one o e

60 ccording to

wirklels' it sHIBAS | BhERRNEl o e sbialnss soming BRowTKIBcludes
|nclude an RF_transcei ver nodul e 62, a baseband
theptp%%egoagwpg,p@mee3%@nda>qﬁm@rs i achoc modelul e 66, a

MAC nodul e 68, and a power nmanagenent nodul e 70. The

R {0083 ceiReleriRy inwh UdeBigure ot canesxdiApritg AP 14 for a host
transmtter 74. Wiile not shown, the network device

ading deviat 2 inchidedea 8y $SHeht 8AMip taer Tré agar cludes a
) cor?ponents [0085] A %Irequency SSEI’:I@%SI zer %6 I nc %&

baselpras erdcesked (BBPY 4PLd Imedid é&%tssr&ﬁﬁto‘fgﬁ/tﬁc geétce 44, and
reference frequency froman oscillator su
othery St components identified collect;vely at 46, including mterfaces
memory, and/or processors A radro frequency (RF) transceiver 48 along wrth
‘the BBP 42 communicates with the MAC device 44. The RF transceiver 48
. transmits/receives data to/from client stations in the wireless LAN. Since the AP
14 may have data that is intended for the client stations during the low poWér
mode, the MAC-device‘44 includes a buffer 50. The MAC device 44 stores data
that is intended for the client stations in the buffer 50 until the client stations enter
the active mode. As illustrated in Figure 1, the AP 14 may be a node in a

network 18 that includes other nodes such as a server 20 and may be connected

to a distributed communications system 22 such as the Internet.
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oscillator 80. The frequency synthesizer 76 al so
contains a voltage controlled oscillator (VCO 82,
whi ch provides an adjustabl e frequency output based on
an input signal thereto. The frequency synthesizer 76

e Ceor BTG AT B pBReN SoisaEstnnyieless
et B eR v Ponilin Fibesean L ereben g mthuevice 60

( lifies the signals and outputs themto the .
ac?‘ge@gl% Sqie 'Blﬁ'g'ﬁ‘&”?ﬁ“t%n‘?ft ther prgsentinventioars shopmt to include

the transmtter 74 is received by_apovver _
an R 1trgnseeivepAnodele. 62vnha drasebapdt sroeepsart medulessignal Sower and
to the antenna. [0087] On the receiver side, the BBP

clogk meculadifs aalAdh atartyle 68diagitabowes AvsT: éilhddER 70. The
that receives signals fromthe receiver 72. The ADC 88

RFcloams osiveat8% iniidesaa geradey 22 %hdgﬁtrgﬁﬁgﬁ{brd%gnwi@ St shown,

the signals. An output of the deno tor

TSR S YU B OB AL o B

68 sends signals to the external interface :
corg\gtén I ch are nodul ated by a nodul ator 94 and out put |
to qital fto anal og converter (DAC) 96. The DAC 96
out &ﬁgsﬂsi gAAIrCIYENCY; finthesizenT® ingludes ahassBecket loop (PLL)
al so may include a PLL (not shown). Alternatively,
8 tt%%t RSEVSS aritist iefereaceSeeqngndyefromcan edcilatdrhsudRFas a crystal
transcei ver 62. [0088] The power and cl ock nodul e 66

osGiltPudds Aheufrequermyesynthesiage 7658186 CONSSns heloitage controlled
recei ves an input voltage such as VDD and a node ™

O oKIon S0 SN e Rl B8RPy Hpod on o
inp(it-Blgn@s ehereds. o htOfequdHeyPAMhe B0PPE TR - ARAYSE 1 |F output
signals for the receiver and transmitter 72 and 74, respectively.

- [0086] During 'receiver 6pération, an input of a low: noise amplifier
(LNA) 84 receives sighals frqm an antenna (not.shown), amplifies the signals and
outputs them to the receiver 72. During tranémitter operation, an output of the
{ransmitter 74 is received by a power amplifier (PA) 86, which outputs amplified
signals to the ar_ﬁenna. |

- [0087]  On the receiver side, the BBP 64 includes an analog to digital
converter (ADC) 88 that receives signals from the receiver 72. The ADC 88

communicates with a demodulator 90, which demodulates the signals. An output

of the demodulator 90 corhmunicates with an external interface 92, which
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along with the MAC nodul e 68 and processor (not shown)
sel ects an operating node of the wrel ess network
- device 60. The operating nodes include active and
inactive (i.e. |ow power) nodes, although additional
comoulesicaey With theVivaes 68, T, By, rf‘s”rrﬂ ! |
in the MAC m?du eﬂl%g%%f tﬁ%;w%@v\ég sends-

may al so be | ocated

sigRB 1ol ke BEHY | Gnifracb QPP %@H ﬁ??h%?ﬂ@lategﬁ&g%r r%toida{étor 94 and

nodul e 102 that 1s assocrat _ _
oulFR BBl R nd CorfalBt U3ARy 6. “Tie OAR B atote signals to

| e .102 ceives out put of the LP oscillator -
thqu%%éﬁ’&lﬁsr (3 1oi‘%n§ﬁ€alﬁﬂbraé$cesmayvmquedeafa aPkbufratr shown).
106. that is used to calculate the duration of the '
Alterinativelye the ADC B8eancithenPAG 86 roay bedopatetiosrrtiee RF transceiver
periodically, on an event basis, randomy, before
62t ransitioning to the inactive node and/or on any
~other suitable basis. Alternatively, the calibration

nod[0088] 10 2T e o roafd f ' !
devimce (]so. 27 ?0009(5] Thgwgémﬁ“?a‘a‘r#%%'ﬁb?}%?u@'@@m' voltage

sodrdetde kit I t las circuits .
108 and 12’8%*?%&@&”?‘5‘& ?@%&ﬁa%[@%i %gle\é@ cﬁ?‘?@nfméf?d?'SF‘m and
] iI,ous cirguits and/ or nodul es

oulpk B8, B TSR L OUHERAPYER" t S nDnercasd eslormodule 66 also

. vi ce 60. The rent _bias circuit 108. may include

'”Cg’ﬁgso? oW pwes ?L%%Pﬁclwpr 04 i dherpewer orasiageatent module 70
Sh% and the voltage bias circuit may include one

alopg heoMA%imodesi 68 and grocessdrouot shawpgsdicd® an operating
vol tage reference 112 may be used to bias the current

modeaef her wiretess0BetwddR Hdvide e0ockhdaderaffg \ebded §tdflde active

nmodul e 114 perfornms clock recovery and includes

ancsicige ;{/\Ir%il lgmclswéng %ﬁkﬁééaﬁ%ﬁ’ﬁ% hg&%%g@gy BeYprovided.
Thé powet Mhanaddifieht nfottild 96 iy also be located in the MAC module 68
or the power and clock module 66.

[0089] An optional calibration module 102 that is associated with the
power management module 70 is optionally used to calibrate the duratibn of the
inactive mode. The calibration. module 102 receives an output of the LP
oscillator 100 and a PLL 104 and calibrates a value of a counter 106 that is used
to calculate the duration of the inactive mode. The calibration can be performed
periodically, on an event basis, randomly, before transitioning to the inactive

mode and/or on any other suitable basis. Alternatively, the calibration module

102 may be omitted from the wireless network device 60.
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the CDR nodul e 114. [0092] Referring to now Figure 6,
an exenplary TDMtim ng di agram 120 according to the
prior art is illustrated. One or nore client stations
enter the active node prior to the transm ssion of a

b ' 1 L rele n rk operating in
Che 1oreher Thg SPueh Bl Yok rﬂéa&"ﬁaﬁé\rlﬁfée{H%C'Hféﬁt%aﬁwrent and
' o122, node, however, one of.the
voRp88 bias; Efculst 105 AR, 196, Hesoentivebn tSpg rpIovideheurrent and/or
t stations attenpt to transmt data according to

i
voﬁg'gg g)rt%%es téPeYacﬁPlﬁ FEisANdar mpdulrs (canmections obt shewn) in the

beacon and during an awake interval 124 that is

WigRless 8gtYTkt fevibe dibn Bigyatren2diag 00OE 108 M4y Riclude one or
delta, tinmes for each client station can be vari ed

mergcoff-chimcalibratiorrresistors no@é&ﬁ'ﬁﬁn?'anhhﬁ]ed%l%é b% &¥cuit may
times nay be carried in the beacon signal 122. a

: i forn the client :
e e O 0P RASER SRAROA R teenc

11210k} 0RS,4001 b BIBE ELAMoh! R F8,81PET the

transm ssi on nedi um béecone re transmtting

ission of a data franme or packet
0o TR ! RRRT Bl bl ELTRl e s o o
t he dat .Ra]cget may transmit an acknow edgment data
r%%va%@nﬁf' thees andlog andotigital mhduleackts and & inegbectively, or
receiver. [0094] A first client station waits a first

onefigtat meuiesas Anl dutput af ¢ ahad@bock BRPO(RLLY 194 % coupled to
and nth client stations begin waiting second,

the RiDRIMadule and. nth delta times, respectively. Since
the delta time 1 is the shortest, it termnates first.

The[0d92]st RbfeRhfk QB%C%VFLH%L?%”? n'bhse)?egﬁﬁléﬁ( H’iﬁ\zﬁ?raﬁ% diagram

illustrated at 128. T rst em ,
V20ROSTIAS U PRIy Shght, QRS ABRTUAR, SRR encr n
acfi® Hodd "o tbnth%t {}Srr'nsr\ﬁ?srsfjdc’d otf hae b%ggggrgiggélo?Zg.f In a wireless
network operating in the infrastructure mode, the AP transmits the beacon sighal
122. In the ad hoc mode, however, one of the client stations transmits-the.
beacon signal. Th'erclie_nt stations atterhpt to traﬁsmit data according to assigned
delay times following the reception of the beacon and during an awake interval
124 that is defined by the beacon signal 122.

[0093] Delay, or delta, times for each client station can be varied each
beacon interval. For example, the default delay times may be carried.in the

beacon signal 122.  As a result, the station. access sequence for the client

stations varies with each beacon interval. The client stations wait thé delay time
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the first client station at 128 occurs while the _
remaining client stations are still waiting for their
respective delta times to expire. Therefore, the
second client station waits the second delta tinme 2

aftet hiee nearisrARkeidre fledi@int Betbiel e IHdigtst frgﬁgg}ityﬂé a%%%t When

The second client statlonthentranlsmtts o <
3 third clie station wa i
eSS O o fetcPramt dr O e T gaecﬁvnug4c,ora?t§ée, the device
its ket as illustrated at : .
4RI Y BBl B S PErah Rbu Bt g ket f he
iJlustrated at 138, and then transmits a data packet
degﬁna {1 Béﬁea?%‘a‘ {S 35Ngle¥BOBVer. n subsequent beacon
intervals (not shown), the delta tines of each

st al9@¥canAdust elient statior weitampfiret délteetimie ebiilitrated at 126,
station nmay operate according to the first delta tine

Segondnthirdhentlintbtclieht stationt MeighnMwERNgRRROAHEthIRE COTLHd Eth delta
to the third delta tinme 3. Simlarly, the delta tines

timefs, réspectiveiyni Sisceths AflitatAL 1°i§3thé%ﬁ?}‘t?r%ié %gteelrrt%g}%ﬁ% first. The

skilled in the art can appreciate tha

firsItt)i diedt stdtfbrf e HEIfrﬁ’(gle? ytol’?a?a ﬁfgﬁ:@f'g?r% "’}ﬁ@sﬁ?q%ﬁé :eﬁ;? géz .ﬁ é@/mg the first

it oo poedeent ljent statjons transition
. Y S a H [ . .
clig 20T uaR3Ae = HdleePasheliat e’ the faeingielionstations are si
ete transmssion as illustrated by the o
Waﬂct&mq{aﬁegrf:%mst%d'%ﬂﬁgaitﬁﬂ@ﬁ*-vém otizer. weuds, ekertpdresmission of
a wireless gam ng network operating in the

in .
the firstdient staticn st 133 oesursondeile thec herabininy ctieat sRions are still
remai ns awake in order to receive all data packets

waltingnfast their reispentive tatthoirses ot diiret Miekefor® Ofd second client
Alternatively, each client station transitions to the

stdtiow waitethe socend deRgithe Y (AL ekt ShEASH dditd n?egdagst flustrated
ess g nsol

packet. For exanple, ina .wWre am ng co

at gg\@/lr 21(; lg@%ebané ReehP AR thEhWShdREE 5 dgtgepgaec Sét‘iarépi&'ilt_lstrated at
13_2. The third client station waits the third delta time 3 as illustrated at 134, and
then transrﬁits a data packet as iIIusfrated at 136. The nth clieﬁt station waits the
nth d_elta time n as illustrated at. 138, and then transmits a data packet as
ilustrated at 139.

[0095] In subsequent beacon intervals (not shown), the délta times of
each station cah be varied. For example, the nth client station may operate
according to the first delta time 1, and the first client station may opérate

according to the third delta time 3. Similarly, the delta times of the remaining

client stations are varied. Those skilled in the art can appreciate that the delta
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operating as client stations may transition to the | ow
power node imedi ately after transmtting data to the
console (AP). Since the station access sequence

varies follow ng each beacon interval, the first,

B L R —

ferri now to Fiqures 7A through 7D,,a tim ng
ra@%&ﬁ'&aﬂ{]%@y thqrégﬁ?ékeégaanﬂ-r st inpl ement ation of
t he esent_invention. Each client station is
ass[(g#?@é a e Lient statipns fragsitipneto1the? |ovd,power moae after all
_opposed to the unique delta times described with
cligrdsptations ccamnplete teansthissioni gedillsttted g theusemididion of the
stations to transmt in the order of ascending |IFS,
awskeiifterval d 24neF ef Erainpld, it Bew hi ' g i
FIG 6. However, the IpFS ti negélr?e%gsglﬂﬁgﬁ}#ﬁéﬂgsiaﬁggﬂna In the

infladBructur@énGMbashed nicak 2ehas AifBsAt ifdn Pénqgiawigg\ﬁ?lﬁgtiﬂi Qder to

fixed tinme since the beacon transm Sssion

' i on it.s a.unique IES tine
o HF doRTEohs BBl BB Pl SaliSad s ek or "5
pr ey Clélfnt ftéti on . conpletes transn ssi.on.
[ 00 he ‘eFSTBATIVElY o £A6R SCltEt | Hatiomdransitianse to dheslow power
duri ng- each beacon interval to determ ne whether to
magg; mmadialelyijirsdrangnaitting artaipacket. &ostexanaple, in a wireless
alternative IFS tine. In one inplenentation, if a
gaming:wonsolet operatingeiry dbe ainfrasirpekire tnodebeiredésF@sut devices
packets of a particular type (i.e. all preceding

operatingtas stieti stationg\Ray tsiicnt &Fthe I tmbh iate
station waits the al tegrl native | FS tei ne. 'E)O%@tr{)glhlggﬁ{medlately

R T (S CoPROBTERRT B 4 SiglhAcEPes g auence
VR ing DA ScpcPc 08, 8,18, TRl Tt o e
s by Sl B2 it B AT s

[0098] Referring now to Figures 7A through 7D, a timing diagram 140
illustrates a first implementation of .the. present invention. -Each Cli_ént statilon ié
assigned a defaﬁlt unique IFSitime 1, 2, 3,'...., n as opposed to fhe unique delta
times described with respect to Fig'ure 6. The unique IFS times cause the
stations to transmit in the order of ascending IFS, similar to the effect of the delta
times described in FIG. 6. However, the IFS times measure a time since the

transmission media becomes free rather than a fixed time since the beacon

transmission 122. In this manner, each client station waits a unique IFS time
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gam ng. device, and then transmt a gam ng data packet
to all other client gam ng devices. Therefore,
subsequent client gam ng devices woul d expect to
receive the gam ng data packet, but not the control

t@ P Referrin wto Figure 7A, if a '
aﬁg?v@ﬁ %I‘ﬁelgglr%{1 g'%i'tg%ﬁasgcé?gegnggﬁt é‘%ﬁéc ePEEMIP M ¢lignt  station
reviously transmtting client stations, the client
coRpIteS NGRS 00 he | FS time 1. The |FS {ime 1 is the
defﬁiﬁt IFS_ tinme of the first client station as
i 11 (2399t edl 2@ chiant statiens follow ohé entmerteatiilenduding sath®eacon
_ first IFStime 1 and transmts a data packet as
intenvalitn detesthine wiktheTtrewatticthedagdidrasd dsfalli S tife or a shorter
second in the station access sequence according to

altéinetivé SFS tiene, BN brich fhpfeMidht ife4P LECEl
the data packet fromt heri rst gclz liy’e}}ft és?%rlﬁo%tg?léﬁe'.%cgﬁles an

oxpESod oA K g RGBS BRI BEL b arecang oo

transm tting. e second ¢

- ' f.kom t igst client station, the )
Stag@@g%%‘vgltl en{ Fst;ttez(alj@i t&?ﬁ nr@?{ ﬁéﬁ"}tﬁ?w weds; Ppealteraative IFS time.
In itl 'iﬁé”ath at 146, anﬁ transmts a data packet as

RS VEEEGS 93T gppieationss enahefliomtr atationelas <. single data

first client station already transmtted data during
Paghgtdo fansaHt tcnalk olhar, clientstatioss ndlakwengsr atdient station may have

collision wll occur between the first client station

mose dtheneosecdatd phclestt typieatd araraimit kiring™® Beacdl8nterval.  For
third client station is third in the station access

exaefles e elietngamitey eeoice m%&ﬁ%ﬁﬁﬁ&é@ﬁﬁ{)l‘r’gafg}ﬂﬁ%%@tato a host

packets prior to transmtting.

gafird H@ﬂce,?@r’?@kﬂé‘r?trbh?mﬂae{- ﬁgﬁ?ﬁ?é@&%%ﬁgal%tﬁ%ﬁp%ﬁ]\ gaming

second client stations,

oot arnretetere piohel clent Sorid Hafisas aroddzxpest to receive

the§abniig Gl prckel, s 7B ik 60ufol coia parkbl tr aner & i ng

a dFOt1%0 acket R%?eririklgunsotvg ?CE le:(ijguafa 7]A561f a given client statioﬁ receives
data packets from all previously trénsmitting clieht stations, the client st.ati_on.
waits the IFS time 1. The IFS time 1 is the default IFS time of the first et
station as jllustrated at _1 42. The first client station waits the first IFS time 1 and
transmits a data packet as illustrated at 144. The second client station is second
in the station access sequence according to the IFS time 2, and therefore only
expects to receive the data packet from the first client station (i.e. one data

packet of an expected type) prior to transmifting. If the second client station

receives the data packet from the first client station, the second client station
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I n subsequent beacon intervals, the IFS tines are

vari ed as descri bed above, but the clients stations
continue to follow the one or nore rules for _
alternative IFS times. [0102] In this manner, data is

wakg thangresi thﬁéWEeéis aiilusti?éteénét giat 'a‘?il'&straﬁgistﬁtsqﬁ' G5 packet as.

and the overall awake tinme of the ent atrons i

nimzing power consunption. Additionally,
”Iuét?%%geétme 8Ip;ner centage of time required for all

t t t thej ata is ced, .there is a
Sfr Ztﬂ erd | |okeri ﬂ%@aftwaia%i geg"{"%ftq 6h \ﬂﬁtl C‘d)%r‘t?EFaé'OEo already
t [ wh etin or the
AR G Er i T SWDERCAB VBN these der dangbrabet eolision wil

and in Figure 7A, the awake interval 124 is
OC@ird?ﬁt‘Me@aﬁgB)ﬂfﬁe@llﬁf‘écstaﬁomasd tbe sakcbndldlient statibatdtdRs time 1
transmt and receive properly. 32 [0103] Referring now

The dhird gulieat ZBatidrhes tthind nig thieagtatioh ldétesk! éétmérﬁ:tee%nd therefore
operation of the client stations when one client

exSaé k@ RectIRs MA@ HatL pAENEs p'fhdﬁé ﬁaﬂ@ﬁiﬁlﬁhgf rlf)t'ﬂtegtplirg client station

preceding client station. The first

P RS A8 A5Gy . o i
B R e R o e P P S et o

client s not receive the data packet due to
'"u%reé ato{&)t Abe mBralienk station! eprratemhenalpgpeslytdne waits the IFS

. second client station waits the IFS time 2 as
timel 1 asillugtratechat 186 beforer tramsmittingsaidata pgcketdas #uswatedtat 156.
as illustrated at 162. The third and nth client

In sukseiqorst beapet Intenedssitie IRS ltingseaedidHbad aeBa®ket Sbove, but
and wait the IFStine 1 prior to transmtting as -

thel tliams rsedteshsatodffitueans! fAfSy thé dPRESH I"ﬁb‘?’éyrule[soﬂ&%&ematlve IFS

Referring now to Figure 7C, the timng |agra
times. :

[0102] In this manner, data is exchanged between all client stations
more quickly, and the overall awake time of the client stations is reduced
minimizing power consumption. Additlonaliy, since the percentage of time-
required for all stations to ‘transmit their data is reduced, there is a greater
_Iikelihood that all stations will be able to transmit each beacon interval when
competing for the medium with other WLAN networks. As described above and

in Figure 7A, the awake interval 124 is significantly reduced if most or all client

stations transmit and receive properly.
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illustrates operation of the client stations when
client stations 3 and above do not "receive a data
packet froma preceding client station. The first
client station transmts a data packet after the IFS

ti ill . 170. The s n client
st gf[iogggfecei \L/Fgéfre?rﬁ{g&dg{)\g r}gclfégur&n?‘qqrgﬁ%mt'@n%f diggram 140
: ' 1 i.llustrated at-172. The third and
'_”‘%Stt‘]f%t‘%’:{?%wg’{‘a‘?ﬁﬁﬁsC"SBP#@f'OPéMW%@ll%ratséam dees not receive
fromthe second client station. For exanple, noise. o
a daka Ry EEOW.‘ [FePiaceqiNg sligrirstatioromThadirsecliemd sthiientransmits a
station. Therefore, the third and nth client stations
dag packet afpr &S dined bESllustrated, atatBB. usowdeerdef@wetond client
IFS tinmes 3, and n, respectively. [0105]
statiaredoes netpsoperlyereseivertte dzt8 MackEBhbPNth i ]
from the network and/or fail {ﬂ)‘g transm t ngrtsgglgié}ﬁe%?gﬁo_n' For

exampidotie setdndddiiett stitiolN§ 1l r‘iéttrec%ggemlé r%iatt%tpiggﬂet due to noise

transmts a data packet afteéer the _
[ ' . cond cl,ient station . »
or AheP HeMHk Bloblerté: Tireldl%, 36 Wrafurdfat Stalion wats the IFS

. i~enft . i,on ' t.he default.  IFS tine 3 after the
t éu ?s?g c.‘ﬁsggrﬂte%taiﬁ%ﬁ PESH? dransmittingna rdatai packet as dlustrated at
162' Ithstrat ed at 176. The third client station transnmts.
- de1% it RRY nthelient stationsgrapienly receiveilll pretedingddath packets
178. Simlarly, the nth client station waits the
angewaitl the HSStlime h pridreto drar(smittinighas! ilestrateaki B4 and 166
conpletes transmssion as illustrated at 180, and ’
resgentivelyansm ts a data packet as illustrated at 182.
[0106] Referring nowto Figure 8, a first IFStine

sel gg104n net IFQTE?errﬂﬁ%4 RSP i:@g?ée’?clsgge '@mﬁ{;pgiég%m 140

the client stations enter the ive o

st aes bp&raRoR A0S cfiér?tnsscgiir%@. glgn'gggﬂieéi g i%)?\giﬁégcg@g@yﬁ do not

client stations recerve (

et dplf pAERS: BRI 2t ks ggekhmegtﬁgtagggsg%;gu%rtst dlient station
raSBY1E1 5 el PACke RS Ure It doas dlmiratacd ot 7 0eathe second
cliecr|1tI setg’tiqn receives the data packet and transmits after the IFS time 1 as
illustrated_af-172. The third and nth client stations do not receive the data packet
from the second client .station. For exarhple, noise may corrupt the t'ransfnission |
ffom the sec_dnd client station. Therefore, the third and nth client stations are not
able to use IFS time 1, and Use the default IFS times 3, and n, respectively.

[0105] Alternatively, the second client station may be absent from

the network and/or fail to transmit altogether as shown in Figure 7D. The first

client station transmits a data packet after the IFS time 1 as iIluétrafed at174.
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station. Alternatively, the beacon signal may include
a single value that indicates both the default IFS
time and the slot mof.each client station. For
exanpl e, the beacon signal may include a timer

ThE KRCORP AR i AELL M el 8 dfargigiet nd N ploi, he thi
ot SR ogtetan 1S ime Bearest oot ésriontation completes

type. . If tr the nmethod 184 continues to step 194. B
tra?%/'%fsél'%ast”ﬁbstr@é?q‘\é‘é 1184 Theothirdrliest stationdrankatits anlata packet
step 194, the client station waits an alternative IFS
after t,lp@ IFShtimei % ap dlystrated abr 780 &iiladyt the rtafalight staiSn waits the
time. In step 196, the client station waits the

defeeftali3 A€ ni after [@LOTH thnchérapstb¥Bn &K pRtbSransmission as
station determ nes whether the IFS tinme of step 194

‘illustratediest 1608 drid Wen tFénstnﬁltéeat({wa@ REEE%é‘Pdé’slégé %%t%f éntﬂ’reégz?t o

to step 200. 34 If false oc. onti nues 't
ste . In ng st.a e
ohelV et " GG nok 6 Kol B BrRsLS pie a@ecgwg method
8 r rns to s If false, the netho
1851123[ confn %teé)sq[%g 't%ef&t Qoégé{l%‘es?'@@tﬁ@“onst gateg|theractive mode
ation.resets the |[FS tiner, and the nethod 184

prup UhErEIMiRg & ReAacasptransmissianer Ineteps] 9@, Hbedlisahstations receive
station continues to wait the IFStime for as |long as

the; breacar sigaal.s Jherbeantinusighal incleeles| datatratlétennines the default
station detects activity on the transm ssion nedi um

IFS timek kS the miient statibas. ﬂr@ﬂ%brds@nﬂrﬁ@leﬁ%taﬁ&? tﬁleib%%tcon signal
station transmts a data packet. In step

mayeilbedndizAts e QTJﬂrHQﬁlth%Eeét i0f é%c'eg t 'iw fopaesach client
I enit

recei ved data packets from a t he

/ V\,het e ..
Staﬁégg%ﬂ%&%ﬂﬁhytﬁ%‘aﬁ%%&s %*Incfn.? glrﬁn le tﬁgjq@aﬁg&hcates
I f_false, the met hod 184

boﬂwatﬁu?cﬁéggpfgqfé d 3@@dﬁtﬁgisﬁotém| Ofpea%ofle?@ station. For example, the

beacon signal may include a timer synchronization function (TSF) value that
indicates the default IFS time and/or the slot m of the clienf station. In step 192,
a client station determines whether it received m-1 data packets of the correct
type. If true, the. method 184 continues to step 194. If false, the method 184 |
continues to step 196. In step 194, the client station waits an alternative IFS time
that is less than or equal to the default IFS time. In step 196, the client station
waits the default IFS time.

[0107] In step 198, the client station determines whether the IFS

time of step 194 or step 196 is up. If true, the method 184 continues to step 200.
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received. In other words, if all stations have

conpl eted transm ssion and/or the beacon interval is
to expire soon, the nethod, 184 continues to step 206.
O herwi se, the nethod 184 returns to step 203 and the

[ ' l,l e each client_station attenpts to
f B3, (8, HRYIR 18%, SoriiSs, 8 488266 n Shed et cient station
d %%ation enterﬁlthe i nactive node. In steF 207, the
TGS Ygptherafhe, transmissien veedivae is frieger If true,sthepmethod 184
208, the nethod 184 determ nes whether the inactive
rethpfeto $teEr198. sif dalsel tha method 184 mentinded 8 sterp2@2.s Irf Step 202,
subsequent beacon intervals and returns to step 188.

the eliendIstation teseteetteok SlBer edridf the et Pe2 AurdO0Rkp 192, In
Referring now to Figures 9A through 9C, the timng

otriragorais) (1. @lieht YakioR! @hiiRuss I8 Wait R HEEHMAL 18NaClong as the

the present invention. If a client atron recelv

traf3infs AT KAk dRim 2isP#dd. Cu[f.afhé yc{ﬁ%g{ qugﬁ% egci%tggfég iﬁ_]a 'eilp%/ on ‘the

preceding 35 client statiom,

: (] ES dd before transmtting data. If
traﬁﬁrg@cﬁﬁﬁﬁfedﬁ@t *rb%lﬁd%g&eﬁé?sqtécei ve the particul ar
dat ket fromthe inmmedi atel recedi ng client
sta ﬁﬁ] the &1iS¢eR Z0attherrligat & tt%tﬁetrasm?ﬂsta |dega tjavket. In
before transmtting . data. In the present
stapgP3nte aetbad b&‘grdecterinejnes stlgthen the dibat stionOhds received
mai ntains a table of MAC addresses for all other

datd pegketstfaoinoals the other ciietvetationkNnotheeirdisdSnetf@fk and/or
client station is able to identify the data packet

whetragithe bebtomimte r ATl bRbi egafll I tion
based onei ts I{/AC addr eggﬁl% anglﬁt ?@ﬂja{?f_\}é rfé%@hd?aetaaéowmues to

stepPole!  IfnEidtdeme HAhGRH N r%t@gﬁs ilt%eﬁrt]%;%) ];’i(ﬁ*gyiqgf?ﬁ;gaecrkets are

in the station accessS seque

i Vi [ statjon,.is able to determne if a -
re({)ari ) cwgtrﬁééé'?cgp%ab@'[ Stgtians %5?4% (RoRIgtas) trapgmission and/or the
b i medi ately. preceding client station. %0110] If a

egrUednEYaints 49 2XRIfe Sooai e metherht B4 aoindinues co step 206.

Otherwise, the method 184 returns to step 203 and the station waits while each
client station aﬁempts to transmit in this manner. In step 206, the client station
enters the inactive mode. In step 207, the method 184 starts an inactive mode
timer. In step 208, the method 184 determines whether the inactive mode tir.ner‘
is up. If true, the method 184 repeats for subsequent beacon intervals and
returns to step 188. If false, the method 184 returns to step 208.

[0109] - Referring now to Figures 9A through 9C, the-timing diagram
210 illustrates a second implementation of the présent invention. If a client

station receives a data packet of a particular type from the immediately precéding
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i mredi ately preceding client station, the client
station waits the IFS tine 1. If all «client stations
recei ve the data packet fromthe correspondi ng

i mredi ately preceding client station, all client

clisrhitadtation, th &hérﬂestét': on Wé?{%oé’k,%gﬁﬁ%%g% Iegqﬁ' ouﬁg%éeitpansmitting

Fi gure 7A. Ref erring now t
a [ rates erat | of t ent -
daga{. a?{ g*r?sg é[né%ﬁéﬁc |e§n't1°§?ea°cel ‘fﬁw&tﬁue l%"lfarr @%téi packet from the

: from an i medi ately preceding client .
'm'g‘t%téj?ate&%éﬁéd‘l“ﬁréﬂe”é siaian. dhaGien! steianswaitsthe detalt IFS time
b aﬁéet after |[FStine 1 as illustrated at 212.
e&kﬁ Asmitting datac dmdhe presant émplententdties, esxth pliameataton in the
receive the data packet fromthe first client
Ne/YQrKi Maintaingratable, oft MAG eddrekseki fentalisbtiier @MeWBitations in the
the IFStinme 2 prior to transmtting a data packet as

netwarkst inacther atordd4 eadheclitht sehtioh BNpISt tl'd%Htlﬁf fRebb¥% packet
recei ves the data packet fromthe second clie

receivaid POm &M fineRidtely [ﬁ"ebégngséli%h{ %ﬁtlgﬁﬁnﬁﬁg gceeqr g% MAC address.

recei ves the data packet m an
r tat on and .t he nt
ACTIFRRENS foott diel SR BB et i doerutsmite ordey in the

Referri now to Figure 9B, the timng
Staﬁ?hg Cc{%%ﬁl AUanCEst irh?fé@ 'BEBREE.| drieegivingecligntestation is able to
stati on? when al | subsequent client stations do not
detegming df A cRATHCHIAE kdatarf nawket pras ddimemitiedemy shat inrAediately
The first client station transmts a data packet
pregeding ¢liept stationl as illustrated at 216. The second,
third, and nth client stations do not receive the

dat E01nzﬁk}ket f ifaandiven cliest s@EtiofNfeceivls fm! da@%a‘%ﬁgp%m the

client station waits the IFS tine 2 pri

imrmednsely tpreceting $abAt HREKAET thePSidrk si’:ftfqrna\h/éﬁ? gtﬁ? gﬁé‘ time 1. If all

However, according to the present

clidrfp] étgtloﬁé‘dreBENe :tﬁeergattﬁt S%I?egsfrgﬁ] é %: g@?%stﬁqn&ﬁéilmvrﬁedlately

the data pac rom
If the third client

pre%tfag[?lrg ﬂ%arg%éltpﬂs fl g@:emt\;ggtioris wait the IFS time 1 as shown previously

in Figure 7A. Referring now to Figure 9A, the timing diagram 210 illustrates

operation of the client étations when one client station does not recéive a data
' packet from gn immediately preceding client station. The first client station .
- transmits a data packet after IFS time 1 as illustrated at 212. However, the
second client station does not properly receive the data packet from the first
client station. Therefore, the second client station waits the IFS time 2 prior to
transmitting a data packet as illustrated at 214. The third client station properly

receives the data packet from the second client étation, and the nth client station
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the data packet fromthe second client station, the
third client station uses IFS tine 1. Likewise, if
the nth client station receives the data packet from
the (n-1)th «client station, the nth client station
usgs | FS ti mﬁ 1. t[ﬁﬁOll{él eferring now to Figure 9C, _
PropRAY eRPES g i alM PagretiTTomsan 4bdsthopiatiani ohhereferss the third
.Client stations when one client station stops
client shafipn @ndgther nth slienthstetionf waitnthe dFGi timket aietamraksmitting
The first client station transmts a data packet
datafter IFStine 1 as illustrated at 220. The second
client station does not transmt. Therefore, the
thigod1dl]i ent Reddrrifg oSt tSigareladd, PRCkehingf t
wali !toidngI]t he I FS ti rrg 3 as ill ugt ratgd’ a?QZQgﬁln?f ot‘ffi%ram 210
iIlu??éIe@"d;ﬁ#btiéﬁ JfltRE QIi@ﬁPQ%{’tib%ﬁsr\ﬁﬁ% ég%ﬁibﬁggﬁ?@tﬁgl%ql%%tions do

romthe (n-1)th client station,

an.uses | F j 237 1011 escribe bove .
notreBENAL 488 ReCiet i SierolenBa iknt StaBbR e ines st egat station
t wll use the al ernai{i__gg_lFStineiftheirmediately _
raniis & FRfadiache anef N Gime Ao Metewd-at;ata. dhpaecond, third,

data packet. However, in certain situations,
ang pth chgnstatignedeurot reseivesthesiata patketiieorni thetfirst clemt station.
station is not able to transmt a data packet, the
Theseondd dlieshstativatwaits thid IFS timesriprioa tel#basmittikgta data packet
after IFStinme 2. After the second client station

as fllustrated at 21@ HaivevRAARordihB o thé bfbsent fRbIc@ltafdn, the third

will attenpt to transmt a data packet after IFS tine

and ntHeNEMES; até?r.l?sedf)ir{o?tne@ditﬁ%ce kahk }%“Fé#k&@éréw%g{hst client

t he secon ient station conpletes SsT I
s PS4 o [T 1° RS PR By Bcones
e BB A AP Bl i o wses s
. environnent, it can be seen that operation in certain
timgnlyi kikawise, df the nthedient stgtien receives the data packet from the (n-1)th
client statidn, the nth client station uses IFS time 1.

[0112] Referring now to Figure 9C, the timing diagram 210
llustrates operation of the client stations when one client station stops
transmitting or disconnects from the wireless network. The first client station
transmits a data packet after IFS time 1 as iliustratéd at 220. The second client
station does not transmit. Therefore, the third client station transmits a data
packet after waiting the IFS time 3 as illustrated at 222. If the nth client station

properly receives the data packet from the (n-1)th client station, the nth client

~ station uses IFS time 1.
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[0114] Referring now to Figure 10, a second IFS tine
sel ection nethod 224 begins in step 226. In step 228,
the client stations transition to the active npde
prior to receiving a beacon transm ssion. In step 230,

the[113gnt  ShRt d&FibACEINR W?@g@ter $han hahgubsequent

beacon signal includes data that m nes

chéi'ﬂfs?é‘tﬁdnsl\‘\:/ﬁ é ?IEeﬁwQﬁY%Hﬁégéq\?gﬁng%@%gm {g&ﬁg;ﬁp@dlng client

determnes t

t at i on n 232, a client o

- staligh, £l eff% ﬁ% Mg Hale REckBte: UltexStiata cpdaicesituations,
'Lrﬂ m t he clle:}{ station in slot m1l. If true, the

COlYIPR SR 95C o it PrRIAMPIS, Kt fipst glient statipgds nohabledotiahsmit a
224 continues to step 236. In step 234, the client ,

datatagksh thgisesoad client staiohwell B stite dath packet sftarIFSr time 2.
than the default IFS tinme. In step 236, the client

Aftst the sacowd tclienhstatidafteansmits-the dam V\ﬁ&&kétolﬂé]thl?@ chéMPstation
238, the client station determ nes ether the |FS

willt attempt te trapsAdtla ats tarkeBsiEs | tr
Lot hog o trepsHikia At tpg ket OFLEE’ tl{r#é f1al HSwe'i/Ere the first client

staﬂBﬁ R v?a%f'uﬁﬁl”fHen ﬁ&cl%n?%éﬁ%‘érc t@%&%é'q%rglgﬁlgﬁ and also

client station erm nes

' free. true, the_net d224 returns to

a“@gtﬁ%ﬁnﬁfﬂ'& A sJeatat RaCkat: ABET ég% d&ne i hudesuling iap collision.

242. In ep,242, the client station resets the IFS

Therefere, %Iﬁ@“t%ﬁe thimpleoentatien descrinedsireFi@a2s PALtBPUgh 9C
In step 240, the client station transnmts a data

profyai,q{seswgmflﬁantsmozament Irea meisestre@ Zhvitehatent/iegan be seen that
whet her the client station has received data packets

opénationan cedaimeendtarenénts igtih@dsiratlet he wirel ess
net wor k,” and/ or whet her the beacon interval wll

4 t
A0 Rl 0SSR 645 FEARPS i ecton

ekl R LB TS 20, ST 2 hion o
actR%aﬁq%rae prior to receiving a beacon transmission. .In step 230, the client
stations receiye the beacon signal. The beacon signal includes data that
'determines the defaqlt IFS times of the client st_ations', which determines the slot
in the station access sequence for each client station. In step 232., é client
station determines whether it received a data packet from the client station in slot
m-1. If true, the method 224 continues to step 234. If false, the method 224
continues to step 236. In step 234, the client station waits an alternative IFS time
that is shorter than the default IFS time. In step 236, the client station waits the

default IFS time.
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interval is to expire soon, the nethod 224 conti nues
to step 246. Ot herw se, the nmet hod 224 returns to
step 243 and the station waits while each client
attenpts to transmit in this manner. In step 246, the

' ' t ep . 247
Cheastoa’ o S Ras, e ClIBR betinpcrmie Swﬁf’eé@%rpthe IFS
i aisten 5407 ST4P 288ds Upnd! TUEIBE Metpc 25 GoBtnS 1o step 240.

subsequent beacon intervals and returns to step 228.
If falset M%@eth@ﬁ&%pﬁaunmw stey 241t olrsstgp 248, tHeotlamt station
' Referring now to Figures 11A through 11D, the tim ng

detdiragreasnwBsther| thestrarmsraissiont hiediurnipl fesentiatives) thé rhbthod 224
present invention. The client stations are divided

retumtqutst@p 0B8NUf £3168 AHBSMetidd mbor@ﬁmﬁé“sttosétéb'm In step 242,
Wi t hi a group is aSS|gnedadefaut IFS tine. In one

thel dmh?g%ﬂbﬁtrbﬁé‘ts thBaraajmy! bnfRe gﬁé)tth'b'd'?zi Pétuﬁ’]s':tg step 232.

particul ar client station’ IS equ O a group

pl u i ncre I Ita eterm esta n
acc a\%;equen'cﬁeg{(%agﬁ Fl?)%ﬁ'?gt gg"gpan%ﬂn%m ?I’%da&f &ggket. In
r, that determnes a group IFS tinme |FSGL, |FSQ&,
StePFg%é the m 224deferpingsnivhathen e client ptationchasreceived
group i s assi ?ned an | FS station nunber that
datapagkeinremuall ptharahient statides imthe wireldlss nework, and/or whether
A3, ,Aq. Therefore, each client station is

thealssacoratnéerval will arpiréSognould trueylthe methcan2R&TostiatiedNno step
nunber. [0118] If a client station properly receives a

246latipfapas kRE rhe®Bda24 @é{uﬁs@f&lgterwm Tl aﬁgﬁcke& Sfe Rlteived.
|nned|ately precedi ng group, the client stati uses

In aner%n&ld et afl s%atﬁldﬁ h8(/ aco‘f'n%léfe?ioﬁ H%Hﬁsag&h %}S’é‘?ﬁ the beacon

station r‘om |ent

G SAPRSE SR TR 4l 4 B Do, e
: me?l'p:é ?ggtrpﬁﬁﬁittg %té |4|3e§r§d {hliassttaltlgﬁ v%utsa\?v ile éaec%egllegg attempts
to transmit in this manner. In step 246, the client station enters the inactive
mode.. In step 247, 'the method 224 starts an inactive mode timer. In step 248,
the method 224 determines if the inactive mode timer is up. If true, the method
224 repeats for subsequent beacon intervéls_ and returns to step 228. If false,
the method 224 returns to step 24.8.

[0117] Referring now to Figures 11A through 11D, the timing
vdiagram 250 illustrates a third implementation of the present invention. The
client stations are divided into two or mofe-groups, and each dient station within

a group is assigned a default IFS time. In one implementation, the default IFS
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[0119] Referring to Figure 11A first and second
client stations are stations 1 and.2 of a first group
and have default IFS tinmes 1 and 2, respectively. The
IFStime 1 is equivalent to a group IFS tinme | FSGL

' Al the IFES tipe 2
tlmIBLszajﬂa %%?Eﬁﬁt aetgcg{rfgﬁ%qq%ggtaiq{gup i plsan incremental

d_f th client
deltd iR ”5%‘?@%8' e, el BoCEsm S9ulencs. SE ack Braurgiscpignt an IFS
aved It IFS tinmes 3 and 4, respectively. The IFS
gr%pn%u@ er ﬂ‘aéd’l%t‘%}?'@ﬁ? atgfoadewpnemssa1rm=$escsE$mas JFSGx.
the increnental delta tine Al, and the IFStine 4 is

Eaghy#igal siationgntan pagtiaular geept |sn&ssl@ﬂEZanHEF$ $ta€ion number that
incremental delta tine A2. Fifth and sixth client

determiriesnan anerestaattalodeitd tigml A2, @2 a3, hi NG QTHHI% F@%’_ggh client
have default IFS tines 5 and 6, respectively. T

statioms Bssscigedi wigh QﬁtlFSeroGB rﬁuﬁﬁ%‘%d gﬁlli'% @qt@sﬁwgeé

plus the increnental ta tinme alnlo:IStGB
I ne
el Sy 21 o 2 RS SR ey éﬁ%?f"%%ft Jadket from a
r
oM TS T i BB SR e e
roup IFStinme IFS& is greater than the
“Segsr @l?psmﬁ%eﬁﬁﬁv?gtlmsd a corsesnending cli¢ntetatiemfram dbidhathe client

time Ag. Simlarly, the group IFStine IFS& is

Sta@@@é‘ﬁérpr@ﬁaﬁy redeivest auatd packeteinl FtBERwpLdE iftthe client statlon is
incremental delta time Ag. In this manner, the client

assoicitedvath IFS statienur ihe BieHPStaliaN &1sk8NEE grﬁjé?fe%wlﬁs ki of any
times than the client stations of preceding groups

recbaingf 1I6Sestaioh i Si ons between client stations of
P dlffngrent groups is avoided. [0121] The first client

SLRLL SIS 0 gBEA, 1 g o
Sl R STV b HB Ty i S arevely
The IFS time 1 is equivalent to a group IFS time IFSG1 plus an incrementél délta
time A1, and the IFS time 2 is equivalent to the group IFS time IFSG1 plus an
incremental delta time A2. Third and fourth client stations are stations 1 and 2 of
a seco.nd group and have default IFS times 3 and 4, respectively. The IFS t.ime 3
is-equivalént to a group IFS time IFSG2 plus the incremental delta time A1,'and
the IFS time 4 is equivalent to the group IFS time II-;SGZ plus the incremental
delta time A2. Fifth and sixth client stations are stations 1 and 2 of a third group

and have default IFS times 5 and 6, respectively. The IFS time 5 is equivalent to
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The first, third, and fifth client stations are all

associated with IFS station nunmber 1. Therefore, if

the third client station receives the. data packet

fromthe first client station, the third client

_ tati nreusestheIFStlrrelof the first client
a gé%? 1o ime - S 6P Rles thesinceemestal deftatinee Ails enddhedhS time 6 is
station receives the data packets fromthe first and

eqyiMalent & thengrosipafiSotiree IFBE S plushe incremestaltdaita irme 63
either the IFStinmne 1 or the IFS tine 3, whichever.is
sma[0120] | n t Bachr eseoéssia@ngtcup tIFS flirheh i Ritter than the
station reuses the IFStine 1 as illustrated at 256.

pre'Ebﬁlrﬁ;eQRﬂFb HS &fte %U%,t élﬁ’rhcrbﬁfé?ﬁé" 8§|t§t1§%:ﬂq,rhlggf%§ample, the

after the IFS tine as illustrated at

SIS kS 9 St A B P ST Bl B o

'an%rﬁﬁvfaE@‘e"ﬂ‘:"f'gé%% gy, EeSoikiip [nve i BeSG508 arester than

_ % f the_second client station as illustrated at
thez%r@.up e tinedRSE2 Rlds the Higremental dleltadinog d adalingthis manner, the

_packets fromthe second and fourth client stations,
clien statienseinggubsequsatgroups| et longeldefauttHE S| tirfes thave the client
4. In the present exanple, the sixth client station

stationsesf prezediry gratps? TheréfordstoisioAs Betdeen Eﬁé‘ﬁi%tatlons of
Referring now to Figure 11B, the tini ng di agram 2

dufﬂe'réMSdrbéFﬁs bsigeger ation of the client stations | n
he event that a client station does not properly

rec j2 dat ?h@af?rgfe&llér{tg%ﬁ%ﬁ ?ﬁqﬁ%ﬁf’fs?%'tdqag?f ol after the IFS

sta |n a precedrng
st tlo r m.t ata packet after the I[FS tine
timg T s Eg FPE P A oS FreBrIoRd v tis IR o ' Squivalent to
recei ves the data packet from the first client
thesgraupdf S:fimed F §Gdnplus the inaremeatal sieltattines Adhes illBstratadeat 253,
1l as illustrated at 266. The fifth client station _
Theditet, Haisd,tand fitih sligatciketions amevall aesociatad withdF Shitation number
client stations and transnmits a data packet after the
1. | FBetefore, lif dse third-client station receives the data packet from the first
client station, the third client station reuses the IFS time 1 of the first client station
as illustrated at 254. If the fifth client station receives the data packets from the
first and third client stations, the fifth client station reuses either the IFS time 1 or
the IFS time 3, whichever is smaller. In the present example, the fifth client
station reuses the IFS time 1 as illustrated at 256. The second client station
transmits a data packet after the IFS time 2 as illustrated at 258. The IFS time 2

is equivalent to the group IFS time IFSG1 plus the incremental delta time A2 as

illustrated at 259. The fourth client station receives the data packet from the
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illustrated at 268. The second client station
transmts a data packet after the IFS tine 2 as
illustrated at 270. The fourth client station does not
properly receive the data packet fromthe second

SoiceBliest ourt h t on
SeTe notlelztbé%hteg arneuzere@{%ﬁ’]elzg it % %ffﬁ'leh tP”t station as
nsm t dat a packet after the

d
B g, ] EBBR 408 1o B s o tre

e vaI nt to.the IFS time |FS& plus the
S€§ ‘ﬂ?:dr E?‘é”h &@Pflbsi%ﬁ'ﬁﬁsq ang ¢thereforasenaes thaiF 2 Tithe Zhe the IFS
sixth client station receives the data packets from :
timere Iy dhe aeesnteanareplet thmsixthiclidre dtation hewddsethe IFS time 2 as
station. The sixth client station is able to reuse
lustratedratt262.1 FS time 2 or the IFS tinme 4, whichever is
small er. Therefore, the sixth client station reuses

t he[0#22]t i me Reférring! W afee g 42,10 :
Referring now to Fi gure 11C, qzﬁﬁretzlﬁnBﬁg%%% ag'f‘ﬁ'],ﬁ zcgagram 250

illustratesithaioperatith Bf’ﬁear%lig‘ﬁgffgtlo%g%?@' feegtﬁgt gha ﬁ&ﬂent station does

t he event that I ent

4 V. dat a et froma correspondi ng
nOtgP?ée)&{r‘ a(fel on g'(ﬁatﬁ p? Fﬂﬁ‘ §r 6Rpespending @leé%eﬁi@tlon in a
exa le, the_fourth, fifth, and sixth client stations
Press ﬁ@[ IheriNe fist ligat statiomatrangmitkea datapacket afier the IFS
client station. The first and third client stations
t'mﬁs1ea¥ Heistrated ph864. dhedibidrdlivatisationeeckivesvies datd pscket from
fifth client station does not properly receive the

thedéitd gt estationmandietraimits o ldaeatpadi@t | ffer 81 IFS time 1 as’
therefore waits IFStime 5. The second client statio

iilustated dtEH6.t THe fth wﬂ“érﬂfstét%rﬁ hdils #H2Gath n%éweﬁg%m the first

Therefore, the second client station pree

ancﬂ ltﬁ’hﬂ‘ dlieherRtatidrid | %198 @ﬁﬁs&ﬁ?ﬁ@a&% d’%’(? ﬁ%‘tgfsltéelﬂﬁs tihe 1 as

lustrated at

"'Uﬁ‘%‘%ﬁié‘%iﬁ‘ﬁeiﬁe SREop F?Hé%@efgﬁftraé'éﬁm%%‘ﬁ?% gasket ater the IFS
t‘mg%?ﬁ\éwsqfﬁ’f@ f?t¥%c| i i%%;a{gs%rﬁa@%éégs%t ?u;élaerly receive
thepc%%e( %tacl%étt f?cgmltﬁg steicgﬁdilient station. Therefore, the fourth client stat;

, lent station
“is not able to reuse the IFS time 2 of t.he second client station, and transmits a
data packet after the IFS time .4 as illustrated at 272. The IFS time 4 is
equivalent to the group IFS time IFSG2 plusrthe incremental delta time A2 as
illustrated at 273. The sixth client station receives the data packets from the
second client station and the fourth client station. The sixth client station is able

to reuse either the IFS time 2 or the IF.S time 4, whichever is smaller. Therefore,

the sixth client station reuses the IFS time 2 as illustrated at 274.
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as illustrated at 278. The IFStinme 5 is equivalent to
the group IFStinme IFSG3 plus the increnental delta
time Al as illustrated at 279. [0124] Referring now to
Figure 11 D, the timng di agram 250 illustrates the

oper of t ens in vent that_ one
r{ta)r12 | | ent@&emqe rﬁ]% s Cbp 'Ql"ﬁensﬁ‘{;t |tﬁﬁ dmipgediagram 250
In the nt exanple, the second client
'"LE?FE\tf\D %Eh‘? Soq?gaﬁgﬁég ?‘ler i stetings dattheparanit that Theltiple client
first, third, and fifth client stations transmt data
stafiansia nat prperifdessivet detaipacket foom almedrdspopriing cliet station
exanpl es. The fourth client station does not receive a

in @apeeosdirigegrduponin iee presantdexansll tes &urem), fifi tand S|xth client
therefore transmts a data packet after the IFS time

stationsl daiadt ptoperigtre28ife thBQIash ¥hbket frGRtthalth
recei ves the data packet frombt he 43 fourtt‘;Jj ent ?tatlon._The

f h
firgttaid @ird Bfhtl stafidh<€ uka tgglﬂ& L tge oa {E?@ggoatf%@;Sﬁowever

fourth. client station I

r e 12 athlrd S,tinme selection
th&ﬁﬁﬁ Qm}gég&begl ﬁgggﬁ&s‘?rgﬁé%f eceiye t#‘@pd%@%pa?lf% from the third
| an h fcoma awake prior to receiving a
¢ '%'éta%a ° eseioph Wails I5Sdimeds, Theseepnd sliest statiomwaits IFS
. receive the beacon signal. The beacon signal includes
timey2a Weh isishertar than ¢rgsa¢marﬁj Themefove, thkesetdnd aliean station
nunbers for each client station as described with.

preemptsetiee fifth cliEny stationl 4Ad ttharsmgts 246; 1PS tvrnﬁélg @g ilustrated at
correspondi ng default IFS tines according to

2761 Ot fouRht artesirthslidril &tatiHsoes
Alternatively, the group and stgg?'h%ﬂ%g'% Qle?é% Sggond client

stdﬂé‘ﬁb%ﬁeﬁﬁ@ tn%fn%gg§§bﬁ '?ﬁgdlutr\lﬂ L:«%’foﬁlgwpr&g]evtéanm{sgion from the

client.station determ nes i :
SRS AR B Fore 2 At 75 tmo
oA el it o romte
plus the incremental delta time A1 as illustrated at 279. |
[0124] Referring now to Figure 11D, the timing diagram 250
illustrates the operation of the client stations in the event that one or more client
stations stop transmitting on the network. In the present example, the second
client station is no longer transmitting data packets. The first, third, and fifth
client stations transmit data packets after the IFS time 1 as describéd in previous
examples. The fourth client station does not receive a data packet from the
second client station, and therefore transmits a data packet after the IFS time 4

as illustrated at 280. The sixth client station receives the data packet from the
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identification nunber in the imredi ately preceding
group. If true, the nethod 290 continues to step 300.
If false, the method continues to step 302. In step
300, the client station reuses the shortest IFS tine

l.ie tation, havjin t he sane station
foufth hieft SEIBoHnfiih BBl Br-BeRNERF SHEne @ ibedowsh efent station
uccessf recei ved a data packet. In step 302, the
as @l"?téﬂfeds%aég?on waits the default IFS tinme. [0126] In
step 304, the _client station determ nes whether the
| F40125}e of Betairivgmow tosFigpre02, ashimplFS tinte selecti® method
nmet hod 290 continues to step 306. |If false, the
290rbegins Fo6tapoRORNulsStep 204ptiRdBlientnsEtioRs e td\kake prior to
client station determ nes whether the transm ssion

reca®thigim bsatdrearansmitsidg, (et tiogd
ren 300 et 208" (a2 Hlicht SAUSHS Foddhve the

h ' the | FS
bea?.bﬁe?’g'“sﬁéefﬁél%&%?bd%é' FRLTHE 8 dhep i gippo anc
statlléh Edc%ﬁlfl?gﬁos { ep % ﬁ%&ﬁ@l%ﬂhgt%ggﬁ% @%rﬂ%téjawnh reference

et her % cI|e ation . has received data
Qyres 51 FHFQPE ﬂi 33 iwell as gareespondinchalefauitl B times
net wor k, and/ or whet her t he beacon interval wll
accg@ngetost@@ngrqup thSusme plusntheh odr@@entad daltauiset OA&éﬁfatlvely,
318. If false, the nethod 290 returns to step 312

the group and spetideeidentifieaticrt @uvwssbrs 4r8 HebfdsiYREdlS | ln §tep 298, a
all stations have conpleted transm ssion and/ or

clichesztion dete®hinak whethér i€ ¥didifed 991y %écri(%tgﬁh 93%8)9 more client

continues to step 318. Ot herw se,

statiGHsUith 4 90%%@80&%39}%@9“&? c]érﬂch{? § Shg;%ga' otr}ﬂzat tgrq ng group

to transmt manner

PRI BB OR 5ol I

d t}e geterm nes whet her the inactive node
ideqy I?@F'Wé‘%beﬁ'f‘ ¢ iemedirtehyepriesedingugronppdbirye.fthe method 290

subsequent beacon intervals and returns to step 294.
confipueg ia step 0. If false, the method continues to step 302. In step 300,

the client station reuses the shortest IFS time of a preceding client station having
 the éame station identification number from which the client statioh successfully
received a data packet. In step 302, the client station waits the default IFS time.
[0126] In step 304, the clieht station determines whetﬁer the IFS
time of step 300 or step 302 is up. If true, the method 290 continues to step 306.
If false, ’Fhe method 290 continues to step 308. In step 308, the client station

de‘termines whether the transmission medium is free. If true, the method 290
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met hod 290 repeats step 322. [0128] Those skilled in

the art can appreciate that any suitable .

i npl enent ations of the nethods described in Figures 7

t hrough 12 can be conbined. In one inplenentation,

rd H S a_ ,supse n
ot 80 S e el 8 c%fbh’ege% Epes{’e@sé‘gcﬁrrtb e 310,

' ' S ‘ ignt statjon fromithe i Mmediately ) '
the B0t SPHCFERSRE e P fkererd 1 wrbiche G retumms totep 208,
subseguent clijent station may reuse the short est
ti nmﬁ any ?ﬂé"e‘di?’ﬁ)@’6h13é‘rllllenétséfltmhtrpnsmﬂdeai-da’natpacket. In

t he subsequent client station receives data packets
stepy g?ﬁ?,athe pratoedi 43 sieseimines wiostbeerthe idiehtstation has received

subsequent station 45 does not receives all data

datgarackets froheall olisergiient sttishison the wareldds. r?étmrﬁ,oa[r[)of{ggf/hether

the IFS tinme of a corresponding client station.

theReéagan irgenavwild kbfrs . sob™ K3Rue ViRk l?ﬂé%cﬁf(ggalcﬁin\ﬁnyes to step

i npl enentations of the present invention are shown. "
e ' : lpventipn can
e GBI R 280 o 1o et BT itk of ek R aseceive.
' ard | .. the present inpyention nmay
In ?gn%re\*r/rgrnt allitngﬁ (L)grtg@%nﬁ E‘BVE@W%‘&@ BBSTYINPN RNV erathe beacon
. Of t.hq HDTV 420. The HDIV 420 receives HDTV input _
'nt-%'lvaln'ﬁl Q 9XRITE; 398} the etbad Z9O0rertiniies bwtent3 18ndOtherwise, the
enerates HDTV output signals for a display 426. In
me 20Rpetiresttat stens3 12 apdatagh obertsstation iattewpts 2o dtr@ismit in
control circuit 422 and/or other circuits (not shown)
thisomartmer HONVs 03 hiythepclier sstatien @nteRethbohBLHRI e, In step
and/ or encryption, performcalcul ations, format data

f ; ; A\VAT s i t
e RS S I 558 SRR S8 e 200

detéAinesOdARinetnhd R #E0mae RIS 58" Cr¥hid & fhethod 290

ata storage |
repeats for subsequent beacon intervals and returns to step 294. If false, the

" method 290 repeats step 322.

[0128] Those skilled in the art can appreciate that any suitable
imp!_ementations of the methods described in Figures 7 through 12 can be
combined. In one implementation, referring to Figures 11A through 11D, a
subs.equent client station may automatically reuse the IFS time of the -
corresponding client étation from the immediately preceding group. In another
implementation, a subsequent clienf station may reuse the shortest IFS time of
any preceding client station provided that the subsequent client station receives

data packets from all preceding stations. However, if the subsequent station
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427 that stores data in a nonvol atile manner such as

optical and/or magnetic storage devices. The HDTV 420
may be connected to nenory 428 such as RAM ROM | ow
| at ency nonvol atil e nenory such as flash nmenory and/ or

Iectronl c,data storage. The HDTV 420
d08 tsp]gﬁ &%§&¥%§€§ Boriaisoihe supsequenfasiation is stilabie to reuse
) r k | terface 429. [0131] Referring nowto FIG
thel@"[ ﬁ%%%ﬁ?p‘?'?ﬂ)@gtc igAt station.i npl ement and/ or be
npl errent ed in a WAN interface of control systemof a

veh[®1281430. Refewing i npwertentfGsons3A-NBDPr @8ABLs  exemplary
invention inplenments a powertrain control system 432

impleatentaticis/eSthenpreisent MyenaeR 288 SRBWA. TRORRiRg noQ RUERS. 134,
as tenperature sensors, pressure sensors, rot ti on al

thes pressens invaintibh #n §8ﬂﬁf?ﬁ§méﬂfydolh g gﬁﬁgﬂﬁltlgﬂ t% vision (HDTV)

- sensors and/ or that generates one or

4200ﬂhr¢§m<§h§|ﬂ%§ %ntﬁlév%gt?darﬂ&agp@p 1Y n?% g?qg}géee rlns"’lple‘mented

tr ansm ssion [
icle 4 i ncludes a power
in 8 pp y 4%%?61%f2 eTh'beRf é‘@@nt %gﬁv'é”;?tl oﬁzﬁaljﬁcﬂ\é% BOTV input
ed in other control systens 440 of the
S'g{/‘gﬁl 1y Pe’ﬂ'l?foa Wil ebMtinelrsssipsmaiandogensrates BB output signals

receive signals frominput sensors 442 and/ or out put

forcartisRlay 42fhallp $W6n@@ememlntmr¥3uts@gﬁald@l‘dc@§§|n@4é||rcd|tn and/or
some i npl enentations, the control system 440 may be

comtzolt cieduitd22nahelarc bstHar akii digtss te%&ﬁ@%f me HDTV 420 ma
rﬁ‘;’/l gation system a telemati cgﬁ syste a vehi c'? y

prdcebs Nidth s petvFine Bbdmgl 8RE/0HEHR, #b‘t;&\éééltfﬁ% &lculations, format

adaptive cruise control syste

o OAoF PR L R RPe TP T Bl sing flaay e required.
Thé%mﬁtlﬁglgpégksﬁﬁwer sué’p‘iil“i&%r ain control system 432

may~ conmuni ¢

[0130] The HDTV 420 may communicate with mass data storage
427 that stores data in a nonvolatile manner such as optical and/or magnetic
storage devices. The HDTV 420 may be connected to memory 428 .such as
RAM, ROM, low latency nonvolatile memory such as flash memory and/or other
suitable electronic data storage. The HDTV 420 also may support connections
with a WLAN via a WLAN network interface 429.

[0131] Referring now to FIG. 13B, the present invention may
implement and/or be implemented in a WLAN interface of cohtrol system of a
vehicle 430. In some implementations, the preéent invention implements a

powertrain control system 432 that receives inputs from one or more sensors
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mass data storage 446 that stores data in a

nonvol atil e manner. The nass.data storage 446 may

i nclude optical and/or magnetic storage 'devices. The
powertrain control system 432 may be connected to

447 uch as | at ency nonvol atil e
sudfE B HedbarBtES, St ie AP URPeRS S naptatbel sihsors, airiow
el ectroni c data storage. The powertrain control system
Seflﬁé’zsa%‘gohﬂ‘y Qihep Sitabien seaserSNaNdOr fihat yeneraies ame or more
W.AN network interface 448. The control system 440 '
oulpay ePrisoli signale sucls amtengiter aperatingnpayamaetbrey teansmission
WLAN interface (all not shown). 47 [0134] Referring '

operatingopdia@ietéRC, artdier pmm@intﬂdn%?mwn TheNvéMcle 430 includes a
- inplenented in a cell uI ar .phone 450 that may include a ..

pow@}bubpuy@genna 451." The present invention may - :
i mpl enent and/or be inplenented in a WLAN interface .

Chel 28 ar' ahene ol Hraafbrhatsy aT%:{ L'e‘éﬂtaﬁ%eni%%éd j other
colh BB e STAS  r r os
poi nti ng devi ce, voice actuation

h
reciih SONTHEIO ASiHt SRRGss 448 gndior sibkesomigol agnarto one or

control circuits 452 and/or other circuits (not shown)
mare Qll’ﬁléUtc@\llQ&SaM‘ﬁ)hdmeOmmmmWQMaImsstrcéit:antrolrsa/sfemmm may
codi ng and/ or encryption, performcal cul ati ons,

be frartraf adadti- md/m@kwémmm(m Céehéwbéforﬁ’%%%m att]alematics
functions. The cellular phone |ncIu eS a power supply

syﬁéﬁh d Priak tékensirld é&ls@émpac?é’ﬁe éég?or esw Ia?laéoeaptlve cruise

mass data stordge 464 fhat

Corgt?@réz}) ﬁ(i’éVl cos Sﬁglzgrggpﬁfﬁng%&ﬁf?&ﬁéuﬁgé%rrﬁ??%gol be compact
aiskABEFsThe. SARERSH tmpkenoPadR o hgnipmptated. o)

[0133] The powertrain control system 432 may communicate with
mass data storage 446 that stores data in a nonvolatile manner. The mass data
storage 446 may include optical and/or magnetic storage devices. The
powertrain control systgm 432 may be connected to memory 447 such as RAM,
ROM, low latency nonvolatile memory such as .flash memory and/or other
suitable electronic data stdrage. The powertrain control system 432 also méy
support connections with a WLAN via a WLAN network interface 448. The

control system 440 may also include mass data storage, memory and/or a WLAN

interface (all not shown).
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and/ or other suitable electronic data storage. The
cel lul ar phone 450 al so may support connections with
a WLAN via a WLAN network interface 468.. [0136]:
Referring now to FIG 13D, the present invention.can

be rd ement L1 0 0 0, The present
invganAn rrayﬁl%rfr%rlrﬁggeﬁava%od% ééxmt? i {5 Qﬁ%%}rgdm,vﬁnféon can be
: iLnterface aof the se box 480, The set top box
meleridd & £ E8uflan s and MRaomevenslick ascalular antenna 451.
br oadband source and outputs standard and/or high '
TheePiaseNnt JRVaifD/MAY cNRIP et sardior ave dnfrdemantidsihas WLAN
488 such as a television and/or nonitor and/or other
interfapepobiiey eplludardphonad s 1o somesnpleAterSaysia, the cellular phone
processi ng. and/or control circuits 484 and/ or other '

45@indudes a(matrophone #56f ant \dis Sutb M4 %ubB U8 %peaker and/or
process data, perform coding and/ or encryption,

| audierdutpat jaok| %Ubiébia?U%O BRGTBH %ﬁ"i’ﬁsﬁél{t_ad%% gg)ﬁ(rs&%%g%ykeypad,

other set top box function. The

ihfR& Hiss ouer ' "[Q137] The set t bgx :
pOIHng may %%m%ﬁ?caa%?g&\%rfﬁﬁﬁg%rsggﬁdkpg{]g?}%@' 4%8” aprocessing
r a i. onvol atjl e manner. The mass data -
andbp 58 b d57 ABHRiDthet o LGN Euirit Showag e he Gelluar phone
torage devices such as hard disk drives HDD and/ or
45Q)mRY s$eflatge pepormasuing anséor encryptien;, perfaenayculations,
494 such as RAM ROM -l ow | atency nonvol atile nmenory
format dada andAempeniomn yothendéliulapiphenesiuntadns atRCE&MIAE phone
data storage. The set top box 480 al so may support

inclualeser powss supplip 483W.AN via a W.AN network interface
496. [0138] Wiile the present invention has been

So5F 1 T8 oo 505t OREEMEI Y s e
stofffe, 64, Bt PR HEREM, L NiPbledlk WinfgEane ac SpliCal ancror
magnetic storage devices. The cellular phoné 450 may be connected to mémory
466 such as RAM, ROM, low Iafency nonvolatile memory such as flash memory
and/dr other suitable electroﬁic data storage. The cellular phone 450 also may
| support.'connec'tions-with a WLAN via a WLAN .network interface 468._-_

- [0136] Referring now to FIG. 13D, the present invention can be
implemented in a set top box 480. The present invention may implement and/or
be implemented in a WLAN interface of the set fop box 480. The set top box 480
‘receives signals from a. source such as a broadband source and outputs

standard and/or high definition audio/video signals suitable for a display 488 such

as a televiSi_on and/or monitor and/or other vidéo and/or audio output devices.
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[0139] Those skilled in the art can now appreciate
fromthe foregoing description that the br oad
teachings of the present invention can be inplemented
in a variety of forms. Therefore, while this invention

; . } hed ction art| cul ar
SigtE pRFEbofE RGO Santry BRENES b andoraler sUemes énot shown) of
d th di fications
i OB SESGHED ER-PTERESS 08l IRerioRm sadting Paglaransmydtion, perfor
upon a study of the draw ngs, the specification and

Ca'PHl@tIOfIér fosmiat glaga aindéor m@fqmowmtm selidpN®xX1fundtion. The set
first wireless network device in a wirel ess network

topt eat 48 incidess a pagWwerralppiy488. wi rel ess networ k
devi ces, conprising: an RF transceiver arranged to

tra[ong7 and meeesye tdgt FoP e iay %Q'mﬁ%%h C\ﬁ‘trlrymass data

transnit or receive a beacon; and a contro

sto@ég%@%@dthta@ s@&%“&‘at‘éaﬁwea VHotnh/o e 'rD‘rEaré) spf | !ﬁvrﬁ%ga data storage

ermne sequent | al ransm sSsi on

[ e t wor, devi ce anon e plurality of
40 gy Jbh Ber SR ¥ e M aHREE Fhirace: dpvBet ishoh Baceard disk
bea on el ect a second IFS tinme when the RF
d”‘(‘?sah@ Yed Neasefaop bax K80 maynbe copvedied to memory
W rel ess netvvork devi ce having a transm ssion
494 s4rhiasnRAM, RM. lowl latenayhromiefiatile tmefSry sueh wWaelashmemory
- RF transceiver does not receive a data packet from

and/oe ctkeosditableetlestronkt vark siirugee. TRe sHiqop K&t 88D also may
network device of Claiml wherein the second IFS ti

suport C@ﬁné&t@hs@ﬁrtﬁ?QWLAWVI%@VWAI‘Q%E&\WEH&&(% ce %%G.The

w rel ess network device of Claim erernt

LrafpEd]Ve’  While the present invention has been described in the
context of IEEE standards 802.11, 802.11a, 802.11b, 802.11g, 802.11h,.
802.11n, 802.16, and 802.20, the present invention has application to other
current and future wireless protocols. |

[0139] Those skilled in the art can now appreciate from the

foregoing description that the broad teachings of the present invention can be
implemented in a variety of forms. Therefore, while this invention has been
described in connection with particular examples thereof, the true scope of the
invention should not be ao limited since other modifications will become apparent
to the akilled practitioner upon a study of the drawings, thé specification and the

following claims.

49



' It IFS
transmts a data packet after one of the defau
time or the second IFS time. 4. The wireless network LLOYDWISE

device of Caim3 further conprising a power
management nodul e that transitions the wreless _
network device between an Cl&iM§e node and an inactive
node. 50 LLOYD WSE 5. The wirel ess network device of

d aitm 4 wihfirstwiretdss mpetwerk §8vIa8 ST Wird S hStwork that.includes a
transitions the wirel ess network device to the active

luratity of witeless Retvaik Bedick8 dcdifipfigAgl i M8 6. The
P Wi ?tgl e;mé net wor k devi ce of %ﬁgﬁmg wherei n the power

i it i rel ess network
dovi cot o iR AenctenalrbhGEr 1d Fépg“mﬁ@néﬁepfaﬁ%@ pakets
' ket . 7. A wreless networ
ang:ﬁmprﬁp]sqaﬁgﬁ%ﬁgnﬁmg&e&ggggr?e%@ﬁq{"'&Qgi cekozI Claim 4 and
| Si N-1 wirel ess networ evi ces '
&ﬁgﬁgﬂ %or? “@’%%ﬁﬁ@@ﬂ%te pMMUpicate véth therRF tiaasceiver,
i rel ess network device to the inactive node after
de{ﬁ”ﬂ“"?ﬁ 2 SREURN TR teanssyssien wositiodew iof tre firshnreldssanetivbik
packet. 8. A wireless network conprising the wreless

deyjge Avrangithei plarality of wiretess network Wevitss m_ﬂieﬁid]ﬂlF@s time
coordi nator device that periodically transmts the

basahontthe beatn, Helédt aSRdndaFS thne WiRnthb G e V8! K ceive
device of Caiml1l wherein mF2 and the secoﬁ%ng%\\;?ﬁﬁﬁe'v S

. _ - d,wireless

a data packEt fitotn 8 LRbAH Wird R belilg having 'a transmission
netg/ork device. 51 LL(B% {ﬁ@ 9

position m-1, and select the default IFS time when the RF transceiver does not

receive a data packet from the second wireless network device.

2. The wireless network device of Claim 1 wherein the second IFS

time is less than or equal to the default IFS time.

3. The wireless network device of Claim 1 wherein the RF transceiver

transmits a data packet after one of the default IFS time or the second IFS time.

4, The wireless network device of Claim 3 further comprising a power
management module that transitions the wireless network device between an

active mode and an inactive mode.
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10. A nmethod for transmtting and receiving data with
a first wireless network device in a wrel ess network
that includes a plurality of wireless network
devi ces, conprising: transmtting and receiving data
ackets; er.i qdi cal ransmitf | or receiving a
gea on; EQEé’Y'_F@ﬁ?%Be&y%rgdﬁ‘é@ﬁq %ﬁb@?@&wﬁgg&mﬁhgquron
mof the first wreless network device anong the
magagenIsntynedulgitiansiions ibewsralesk netrk geavice todbkaadtive mode
I FS tinme based on the beacon; selecting a second |FS
prign toea ¢pleedulad bisacen tinie.el ess network device receives
a data packet froma second w rel ess network device
having a transm ssion position m1; and selecting the
default IFS time when the first wrel ess network
devgce QRESW ' ; nd
. PAbsd RERINR it oF CRFHSY whERTHIHAE oY

wi rel ess network device. . The netho

o TESRS 44 Thdo F BR  alo

fupt conpri sSi trangmtting a data packet after

aftgl eg\?fi'.ttr régg'fvgﬁprgnf‘@ sﬁﬂlﬁéja@ %?ﬁlée%econd | FS ti me.
13. The nmethod of Caim 12 further conprising
transitioning the first wreless network device _
bet ween an active node and an i nactive node, 52 LLOYD _
W SE. 14A Winelese niebtwiorf cathprising Shavidretdss tdtevask elevidke of Claim
transitioning includes transitioning the first

4 anidrfettees comiprBing evivireldse HdtRoaclbvieesWhRrhi tAE fdvét

schedul ed beacon tine. _
management module transitions the wireless network device to the inactive mode

LLOYD WISE

after all of the N wireless network devices transmit a data packet.

8. A wireless network comprising the wireless network device of Claim
1 and further comprising a coordinator device that periodically transmits the

beacon to the RF transceiver.
T 0, The wireless network de\_/ice of Claim 1 wherein m=2 and the

second IFS time is equal'to a default IFS time of the second wireless network

device.
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15. The nmethod of C aim 14 wherein the step of

transitioning includes transitioning the first LLOYD WISE
w rel ess network device to the inactive node after the

first wreless network device transnmts the data

paciet . Ametibe forataramiging@rid RckRind aatd With Befirst wireless
wireless network includes N wreless network devices,

nethBrk FRHEOH & Witdieds RO Tt thdifiddoh bnaaligDrviReiedd Abtwork

W reless network vice to the I nactive

t w reless network devices transmt a data
de"g‘{fékgsf“%i'y”%he met hod of Claim 10 wherein me2 and the

second ansmillbe dnd Grienins el papets 10 1T O 1N

periodically transmitting or receiving a beacon;

determining a sequential transmission position m of the first
wireless network device among the plurality of wireless network devices and a
default IFS time based on the beacon;

selecting a second IFS time when the first wireless network device
receives a data packet from a second wireless network device having a
transmission position m-1; and

selecting the default IFS time when the first wireless network device

does not receive a data packet from the second wireless network device.

11.  The method of Claim 10 wherein the second IFS time is less than

or equal to the default IFS time.

12. The method of Claim 10 further comprising transmitting a data

packet after one of the default IFS time or the second IFS time.

13. The method of Claim 12 further comprising transitioning the first

wireless network device between an active mode and an inactive mode.
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14.  The method of Claim 13 wherein the step of transitioning includes

transitioning the first wireless network device to the active mode prior to a

scheduled beacon time.

15. The method of Claim 14 wherein the step of transitiohing includes
transitioning the first wireless network device to the inactive mode after the ﬁrsfc

wireless network device transmits the data packet.

16.  The method of Claim 13 wherein the wireless network includes N
wireless network devices, the method further comprising transitioning the first
~ wireless network device to the inactive mode after ail of the N wireless network

devices transmit a data packet.

17.  The method of Claim 10 wherein m=2 and the second IFS time is

equal to a default IFS time of the secdnd wireless network device.
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